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PREFACE. 



For over four hundred years the science of Explosives 
remained in statu quo. Chroniclers record the name of 
a Franciscan friar — one Berthold Schwartz, of Freiberg 
— as the inventor, in or about the year 1328, of what 
has since been known as Gunpowder ; although many 
records are in existence which indicate that prior to 
that date the Arabs knew the use of an explosive 
mixture which they called Medfaa, This consisted of — 

10 drachmas of saltpetre, 
2 ,, ,9 charcoal, and 
ih » )» sulphur; 

and it is noteworthy that these proportions closely 
resemble those of the present formula of English gun- 
powder-:— namely, 

74*07 saltpetre, 
14*82 charcoal, and 
II* II sulphur. 

To whom the credit really belongs of inventing gun- 
powder is so far not cleared up, but there is no doubt 
that explosive mixtures existed and were utilised by the 
Chinese as far back as the beginning of the Christian era. 
The first advance leading to the introduction of 
the modern High Explosives was made in 183^2 b^ \ivfc 
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French chemist, Barconnot, of Nancy, who discovered 
that " when starch, fibres, and analogous substances are 
acted upon by concentrated nitric acid, they are changed 
into highly combustible materials." In 1S38 Pelouze 
continued these researches, and he ascertained that this 
new inflammable material — which he called Xyloidine — r 
took fire at iSo" C. when submitted to strong pressure,, 
such as a rapid blow. He also found that cotton, paper, 
and indeed all vegetable matters, could be employed in. 
the preparation of similar substances. All these re- 
searches, however, were without any practical value- 
until Schbnbein, of Bale, in 1845, devised methods for 
the manufacture of a new explosive on a commercial 
scale by treating cotton with a mixture of nitric and 
sulphuric acids. Schbnbein, therefore, may be con- 
sidered as the inventor of what English-speaking people 
call Gun-cotton ; the Germans, Schiessbaumwolle ; the! 
French, Fulmicoton, or Pyroxyle— whence the generic 
name Pyroxylin e. 

It is also interesting to note that soon after— in the. 
year 1847 — the Italian chemist, Sobrero, discovered in 
Pelouae's laboratory in Paris the explosive properties of 
Pyro-glycerinc or Nitro-glycerine ; but the discovery 
remained without practical application until i860, when 
the Swedish engineer, Alfred Nobel, devised methods 
for the manufacture of the substance on a large scale, 
and also succeeded in exploding it with certainty when 
under confinement. He patented it under the name 
of Nobel's Hlasting Oil ; and subsequently he dis- 
covered the ready means of absorbing the oil in porous 
substances, thereby producing the now famous Dyna- 
mite or (as it is called in America) Giant Powder. 

The great benefits which have been conferred upon 






le world at large by the invention of these explosive 
compounds need not be expatiated on here. From 
the first introduction of dynamite into mining opera- 
tions I fully appreciated the great boon which had been 
conferred on the mining community by the application 
of this substance, and I studied its properties and effects 
ith great interest. The result was the appearance in 
(w York, in 1SS4, from my pen, of the first English 
latise on the subject, under the title ' The Modern High 
:pIosives,' published by Messrs. J. Wiley and Sons. 
In bringing out this further treatise on the same 
iject, I have had in view the many discoveries of hew 
ipounds which have been made during the last few 
,rs, and their application to other than mining uses, 
group of compounds — the fundamental idea of 
which is due to Sprengel — has now been brought inUi 
existence ; and these may prove very beneficial to coal- 
liners in particular, if their jiameless character should 
verified by prolonged use and experiment. 
lu the following pages I have restricted myself to the 
itlines of the manufacture of the various nitro-glycc- 
rine compounds and varieties of gun-cotton, but I have 
added some particulars of their physical and chemical 
properties, and also a condensed account of such modern 
explosives of other types as are now manufactured in 
different parts of the globe.* 

In the adaptation of modem explosives as propelling 
agents in guns and for use in artillery, a great deal has 
already been accomplished, but much remains to be 

" For the oame and composition of all explosives now known to be in 
QSe or pHlenleiJ, I may refer the reader to Major CundiU's ' Dictionary ■.i 
Explosives,' from which I have the Author's pennission to make the 
quoted by me at p, 50. 
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one considers the short space of time, 
exceeding twenty years, since the modern explosives 
were brought into general notice, one must confess that 
the strides made in adapting them to new uses have J 
been great indeed. 

As to their application in the removal of obstacles 
which nature has placed in the way of the engineer, I 
have attempted only to give some simple rules and 
regulations for their safe and successful manipulation, 
and to show the beneficial results which are derived 
from their use in the hands of practical men. 

How terrible an agent of destruction an explosive 
may become is seen in the new Pneumatic Dynamite 
Gun, which is capable of firing 600 lbs. of nitro- gelatine. 
There is no ship afloat to-day which would be able to 
resist the explosion of such a charge. Let us hope, 
however, that modern explosives may find their exclu- 
sive employment in the grander and more u.'ieful field of 
operations provided for them by the civil and the 
mining engineer, 

In the preparation of this volume 1 have tried to 
avoid, wherever possible, the repetition of matter in- 
cluded in my American work, but it will be readily 
understood that in certain cases such repetition could 
not be avoided — for example, in the rules which are 
laid down for the preparation of bore-hole charges. In 
this case, filso, a few of the sketches included in the 
former work have been reproduced, 

In an Appendix I have given the principal results of 
the labours of Captain Hess, of the Austrian military 
service, in the analysis of the various modern explosive 
compounds. Coming from so distinguished an authority 
on the subject, the particulars here afforded cannot fail 
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"o be acceptable to the English reader. I have also set 
out the instructions issued by the English Home Office 
(!) for instituting tests for explosives, and (2) in regard 
to applications for inclusion in the list of Authorised 
E.xplosives ; and I have added an abstract of the princi- 
pal provisions of the Explosives Act, 1875, which has 
been prepared at my request, and which will be found 
useful by all concerned in the production and sale, or 
the use, of explosives. 



^F In the body of the work, I have indicated in several 
instances the particular sources to which I have been 
indebted for useful information and material. Here, 
also, I desire to acknowledge my obligations to the 
published writings of the distinguished Head of the 
Chemical Department of the War Office — Sir Frederick 
Abel, C.B., F.R.S., D.C.L. — appearing in the Transac- 
tions of tite Royal Society and elsewhere : and to various 
German, French, and American publications which I 
have consulted — including Dr. J. Upman and E. Meyer's 
Das Scliiesspiilvey, die Expiosivkorper, und die Feiier- 
xverk^ei ; Dingier' s Polytecknisches yournal ; Jahres- 
berichte ; Dr. Guido Wolfram Ueber Nitroverbin- 
dungen der Cellulose', Roux and Sarrau's Foi-ce el 
Travail ; Berthelot's Sur la force de la poudre, etc. etc. ; 
the Encyclopedia of Cliemistry (Lippincott, Philadel- 
phia) ; papers by -Professor Munroe in the Proceedings 
of the United States Naval Institute (Annapolis, 1886) ; 
ieutenant Quinan's Report on Vigorite Powder, etc., etc. 



the absence of any similar work on the subject in 
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this country, I sincerely trust that the mining community 
of England and the Colonies will find in these pages 
sufficient information for their practical assistance in the 
selection and handling of explosives — a subject of vital 
importance to the large and increasing number of 
persons who are interested in mining operations. 

17, Belsize Crescent, South Hampstead. 
September^ 1889. 
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CHAPTER I. 

CHARACTERISTICS OF MODERN EXPLOSIVES. 

ICPLDSlVEs Defined— Progress made in their Manufacture — Thar Mode 
of Action — Several Grades required— Down wiird Force of Explosives — 
Springing or Chambering Holes. 

IROUGHOOT the following pages I shall use the term 
.plosives " for the Modem High or Strong Explosives, in 

itradistinction to the term "Powder," by which is meant 
a Low Explosive, such as Gunpowder. 

In DO department of human industry has more rapid pro- 
gress been made of late years than in explosives. Their 
rapidly extending use for the removal of masses of rock has 
directed attention to their nature and mode of action ; and has 
also led to numerous attempts to increase their effectiveness. 
10 inodifjr their action to suit their different uses, and to reduce 
ihcir danger. 

The ablest chemists and the best engineers have found 
in the study of explosives a fruitful field; and the results of 
their labours are to be seen in the perfected explosives of 
to-day- — explosives which are marvels of chemical perfection ; 
which are so modified and varied in their method of action as 
to be adapted to all varieties of practical work ; and which, 
with all their enormous power, stored up in their particles, are 

completely under control, that they may be handled fTce.l"j \n. 
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any class of work with perfect safety, when in the hands cm 
careful and experienced operators. 

The advantages of using strong explosives are manifold and 
manifest. So obvious, indeed, are they, that explanation 
would hardly seem to be needed. If of two explosives of 
equal price, one be stronger than the other, it is evident 
that less may be employed to do the same work. But 
economy, as the consequence of strength, is to be sought 
mainly in another direction; and the principal economy in 
the use of strong explosives remains, even where the stronger 
commands the higher price. For, as every practical man 
knows, the cost of the explosive in blasting operations is small 
in comparison with the cost of the labour employed. In 
other words, the main expense of blasting is the labour of 
drilling, loading, &c. — the cost of the explosive being one of 
the minor items. 

If therefore by using the stronger explosive (even at a hight 
price) we can accomplish more with the same amount o£, 
laboiu-, we shall find that true economy lies in the use of thia- 
explosive. 

The completion of the work in a shorter space of time mtu 
also be taken into account. For, if we wish to complete 
work in order to obtain a profit, the sooner the work is con 
pleled the sooner we shall commence to realise the profit. 

Strength, however, is not the only merit of an explosim 
In many cases, indeed, it is a matter of secondary importancfl 
and in certain classes of work the mode of action — always , 
very important point— becomes the paramount consideration. 

If we take two explosives, one of which will exert a vei 
powerful action upon a small surface, while the other wi 
throw a milder but more sustained action upon a larger mas 
it is evident that both explosives will be useful, each in its ow 
way. The one will exert a shattering force; the other wi 
produce a rending action.* Experience has shown that H 
need both of these explosives, each for its own work. 
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If we have to deal with hard rock, and desire, therefore, tu 
exert great force upon a small surface, we shall find economy 
in the use of the strongest grade of explosives, or No, i . But if 
we have to cio our blasting in a softer material, we shall find 
that No. I is too local in its action, and that we can break a 
larger mass with a weaker or slower explosive, or No. i. 
Hence, we shall here use No. z, as giving the most economical 
results. 

The relative cost of the two explosives need not be con- 
sidered ; as a general rule, it pays to have explosives adapted 
to the work, without regard to the small difference in cost. 

The custom, which still prevails in some European countries, 
of using one grade of explosives for all work indiscriminately, 
is open to serious objections ; explosives ought to be modified 
so as to suit the character of the rock which they have to 
break down. 

Still another mode of action is in many cases desirable — a 
heaving action, similar to that of black powder or gunpowder, 
but many times more powerful It is important, however, tJiat 
this excess of power should be exerted in breaking up a larger 
quantity of rock, and not in throwing an equal quantity to a 
great distance. 

As compared with black or common gunpowder, for stoping 
and for work in light ground, the advantage of a still weaker 
explosive — -such as a No. 3 — is obvious, from ihe fact that 
smaller holes may be used, and consequently much less labour 
required in drilling. For instance, if an ordinary compressed 
gunpowder-cartridge, such as is used for coal mining — say 
16 inches long by 2 inches in diameter — is required to break 
down two cubic yards of coal, and we can store the same 
amount of energy (which means work) in the cartridge of- an 
explosive No, 3, which is 8 inches long and i inch in diameter ; 
the miner, instead of drilling a z-inch bore-hoie, needs only to 
drill a hole of i inch diameter, thus saving both labour and 
time, or the equivalent in money. 

Moreover, the force of black powder, especially in seamy 
rock, escapes at every crack, and thus much is via&\.e.d, as 
U 2 
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thousands upon thousands of miners will testify. On dW 
contrary, the No. 3 explodes iostantaneously and perfectly, 
and thus the whole force is utilised, no matter how shelly the 
rock may be. 

Every miner knows the importance of having as muck as 
possible of the charge at the hettom of the bore-hole; it is there 
that the maximum amount of work is exerted; and as the 
explosives contain the stored-up energy in a smaller volume 
than the ordinary gunpowder or blast powder, they allow of 
the concentration of the charge nearer the bottom of the bore- 
hole. Let us suppose two bore-holes, each i inch in diameter, 
and say 6 feet deep. We charge the first hole with gun- 
powder to a depth of 4 feet, and give it 2 feet of tamping : 
we charge the second hole with No. 3 explosive to a depth of 
2^ feet, and give it 3!- feet of tamping: then "fire" both 
charges. It will be found that the second hole has given far 
better results, for the reasons above stated. 

The downward force exerted by explosives is surprising. 
This is a benefit in most blasting operations, but its advantage 
will be specially recognised by those who practise springing 
or chambering of deep holes. 

In deep bore-holes, when it is a question of removing large 
masses of rock — as in quarrying stone, or in railway cuttings 
— the practical miner has always recognised the importance of 
concentrating his charges in the bottom of his bore-holes, and 
the introduction of explosives has enabled him to produce 
capacious chambers in the bottom of his bore-holes wherein 
to lodge his charge. I am a strong beUever in "springing" 
or " chambering " holes, and consider that in the future it will 
be more largely practised than at present. By its means a 
small hole is converted into a larger one, and thereby much 
labour is saved.* Both No. i and No. a explosives are 
admirably adapted for springing, but the enormous strength 
of No. 1 fits it specially for this work. Experiments have 
shown that it springs a larger "pot-hole" than No. 

. " The Big Mole of ihe Central 
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used in rock. In soft or medium ground many experienced 
blasters use No. 2 with excellent results. 

Every expert at blasting has his own method of doing this 
work. Nevertheless I give the way which has afforded me the 
best results. Pack a small quantity of No. i or No. 2 explo- 
sive, according to the nature of the ground, firmly in the 
bottom of the hole. Now, lower upon it a small primer, being 
sure that the primer is well in contact with the charge. Pour 
in a handful of dry sand, to exclude the air ; then explode. 

By this means the hole at the very bottom becomes enlarged 
and fissured, and a large volume of powder or explosive can 
now be packed well down into it, where it will do the most 
good. It is wonderful how much better execution powder 
will do when packed in this way in the very bottom of the hole. 
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CHAPTER II. 

ATTEMPTS AT SUBSTITUTES FOR GUNPOWDER. 

Employment of Nitrate of Soda in Blasting Powders — Barium Nitrate 
— Potassium Chlorate Mixtures — Picrates — Experiments of DesignoUe, 
Abel, and Barbe — Dynamite Gun — Gun-cotton — Sprengel Explosives. 

Attempts to replace gunpowder as a mining and blasting 
agent, either by modifications of that material prepared with a 
view to economy, or by explosive mixtures more violent in 
their action, have been very numerous ; few, however, have 
so £ar resulted in any permanent success. 

The substitution of the comparatively cheap Sodium 
Nitrate for saltpetre, as in the blasting powders of Oxlandy 
Davyy Schwarz, and De Trd^ has been to some extent successful, 
though the hygroscopic character of that salt constitutes an 
insuperable difficulty to the production with it of any but 
comparatively weak powders. 

Barium Nitrate has also been substituted for saltpetre, in 
the so-called Saxifragin powder manufactured by Wynants of 
Brussels, which was originally devised exclusively for industrial 
purposes, but was afterwards proposed, though without result, 
for use in heavy guns, on account of the comparatively gradual 
development of its explosive force. Charcoal has been partly 
or entirely replaced in powder by other artificial varieties of 

"T^on, and also by organic substances more or less rich in 
2n. It has been proposed even to use wood fibre 
•ead of the carbonized product. 

Chlorate.— But the chief direction which 
ice useful powder substitutes has taken is 
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lat of applying the Comparatively violent oxidising pro- 
])enies of potassium chlorate. It has been proposed by not a 
few inventors to substitute this salt, partly or entirely, for salt- 
petre in mixtures similar to gunpowder; and numerous pre- 
parations consisting of the chlorate more or less intimately 
mixed with oxidisable substances, both mineral and organic, 
have been experimented with, and in a few instances have 
received some amount of practical application. So far, how- 
ever, no perfect preparation, such as would suggest to the 
practical powder-maker a good preparation, has come under 
my notice: they are mostly rough mixtures of chemicals; 
but no doubt, one of these days, some inventor will be able 
to produce a good and perfect chlorate of potash powder. 

Among those preparations which are best known are the 
modifications of the original white or German gunpowder — 
that is, mixtures of sugar and prussiates of potassium with the 
chlorate, as made by Revcky ; or preparations consisting of 
mixtures of tannin, powdered nut-galls, or cream of tartar, 
with the oxidising agent, as devised by Horseley, Ehrhardt, 
Sharp and Nisser ; others, such as Teutonite, consist of a 
small proportion only of the chlorate, mixed with sulphur 
and metallic sulphides, containing perhaps also free sulphur. 
Exceedingly crude mixtures of spent tan or sawdust, with 
saltpetre or other oxidising salts, together with a little sulphur, 
have been devised apparently rather with a view to com- 
parative safety, than to compete in effects with gunpowder 
(though the power of victorious competition has been claimed 
for some) : Kdlow's Powder, Pyrol'iHte, and Pudrolithe are 
preparations of this kind. Lastly, picric acid in the form of the 
potassium and ammonium compounds, mixed with oxidising 
salts, has been made the basis of powerful explosive agents, 
with which experiments (to be described hereafter) have 
been carried on in England; and lately Melinile, v/\y\ch is a 
picrate compound, has been adopted, with some modifications, 
by the French Government for the filling of shells : but the 
exact composition of this French preparation has, so far, been 
Bt secreL A substance called Lydite is now being ex.- 
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perimented with by the Eng^lish Government, which no doutjfl 
bears much resemblance to the French melinite. fl 

The potassium salt, when intimately mixed with the chloratcn 
furnishes a product which in susceptibility to detonation aa^ 
violence of action more nearly resembles nitro-glycerine and 
gun-cotton than any explosive mixture composed of solid 
substances, but hitherto it has not been made applicable to 
practical uses on account of the great readiness with which it 
is exploded by friction and percussion. Whenever inventoi 
can so modify the composition of the chlorate mixtures as 
reduce their sensitiveness, a most valuable ingredient will b 
available in the manufacture of explosives. Indeed, chloral 
of potash seems by its nature destined to play an important p 
among explosives, as it possesses all the necessary propertie 
of strength and absence of injurious fumes; but we have firs 
to learn how to control it and to confine it within defini 
bounds. No douht modem chemistry will furnish us witl 
the means of overcoming what heretofore has been considerei 
an immovable obstacle." 

Picrates.— Mr. Designolle devoted much attention, somi 
years ago, to the production of safer explosive preparationa 
containing potassium picrate, for use in artillery and smsj 
arms. One of these, in which that salt was mixed with charcoal 
saltpetre, and potassium chlorate, was experimented with i 
Le Bouchet on a considerable scale, with some favourably 
results, but the experiments were abandoned in consequent 
of a fearful explosion at a factory in Paris, where a largi 
quantity of potassium picrate was stored. Much more satifr 
factory results have been obtained in experiments carriet 
on by the British Government with a powder proposed bj 
Sir Frederick Abel, and devised at about the same time bj 
M. Barbe, composed of equivalent proportions of ami 
picrate and saltpetre. This mixture is said to be as safely and 
readily prepared as gunpowder, is perfectly stable in chamcter, 
" Chlorates," pp. 13810140; 
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id is not more susceptible than the latter to explosion by 
friction and percussion. It has furnished satisfactory results 
when employed in shells and in submarine mines ; the ex- 
losive force exerted by it is not greatly inferior to that of 

i-cotton and d)Tiamite. 
'The mere contact of a very crude admixture of metallic 
nitrates — notably litharge, lime, and the nitrates of 
lead and strontium — with picric acid, is sufficient, with the ap- 
plication of heat, to cause detonation, and such detonation will 
extend to contiguous masses of the unmixed picric acid. The 
it first induces the formation of picrates, and its continued 
lication causes their detonation.* 
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The possibility of replacing gunpowder to an important 
extent, in its application to ordnance, by other explosive 
agents, appears at the present rime quite feasible, and as a 
disruptive agent for mining purposes it has already in great 
measure been replaced by the two modem explosives— Z'_j'na- 
wmVc and Gvn-Cotton. Other nitro-compounds are gradually 
being brought forward, and a new series of explosives, which 
under the term of Sprengel Explosives, are making 
way with some success in the United States of America 
also in Europe. 

ilie foremost ranic amongst modem explosives is at present 
iiupied by dynamite and gun-cotton prepararions, and in 
K-following chapters will be found an account of their manu- 
facture and of their chemical and physical properties. As 
nilro-glycerine forms the base of the dynamites, this important 
substance has to be considered first. 

■ See lie special Report by Colonel Majcndie, H.M.'s Chief Inspecfor 
of Eiplosivcs, on " The Circumstances ottending a Fire and Explosion at 
M eBfB. Robeits, Dale and Co.'s chemical works, neoc Manchester, on 
d of June, 1887." 



CHAPTER III. 
PREPARATION OF NITRO-GLYCERINE. 

Composition of Nitro-Glycerine—Process of Manufacture^Stockholm 
Dynamite Works — Rudberg's Continuous Process — Pellet and 
Champion's Method — Continental Dynamite Factories — G. M. 
Mowbray's Process — Compressed Air Mixing Apparatus at Fordie 
factories. 

NiTRO-GLYCERiNE was discovered at Paris in 1847 by Sobrero, 
who obtained it by acting with nitric acid on glycerine, and 
called it, on account of its explosiveness when the temperature 
is suddenly raised, Pyro-glycerine. 'At first it was put to no 
practical use ; but later it met with pharmaceutical application, 
chiefly in America, under the name of Glonoin. Its valu^ as 
an explosive was demonstrated by Alfred Nobel in 1863. 

Nitro-glycerine, according to Williamson^ is either a com- 
pound of glycerine, a glycerine of nitric acid, or' a glyceiine 
trinitrin; the hydrogen atoms of the three hydroxyls of 
glycerine being replaced by the radical of nitric acid Its 
formula, C3H5N3O9 resolves itself into — 

CHj.O.NOa 
CH .O.NO, 
CHj.O.No,. 

But the nitro-glycerine of commerce is rarely, if ever, pure 
glycerine trinitrin; it contains, according to Captain JSTesSj 
more or less quantities of glycerine mononitrin and glycerine 
dinitrin. Hess found 13*7 to 16 '6 per cent of nitrogen in 
commercial samples, whilst pure glycerine trinitrin requires 
18 • 5 per cent of nitrogen. 

Nitro-glycerine is formed, as already stated, through the 
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ilon of con ntrated nitric acid on glycerine. The process 
represented by he equation — 



C H (OH] +3NHO, = C, Hj{O.NO,), + 3H,0. 

I By using a mixture of nitric acid and sulphuric acid, the 

pter binds the water eliminaled in the reaction ; and by thus 

renting a dilution of the glycerine, aids the formation of 



Process of Mannfactare. — According to Sobrero, two 
volumes of sulphuric acid, of i'83i specific gravily,land one 
volume of nitric acid, of i ■ 525 specific gravity, arc mixed and 
permitted to cool, and half a volume of glycerine, of syrupy 
consistency, is then introduced with constant stirring. The 
misture is again cooled, not necessarily below 0° C, and, after 
having become turbid and separated into two layers, poured 
into fifteen to twenty times its bulk of cold water. The oily 
nitro-compound sinks quickly to the bottom, is freed from im- 
changed acid and glycerine by repeated washing with water, 
and lastly, dried in iiaitw. 

Praegfr and Bertram use one part by weight of glycerine 
to eight parts of a mixture of one part of concentrated nitric 
acid and two parts fuming sulphuric acid. 

Liebe recommends pouring one part by weight of glycerine 
into a mixture of two parts of nitric acid, of I'szg specific 
gravity, and four parts of concentrated sulphuric acid ; keeping 
the mixture below 25° C. ; and drying the washed nitro- 
glycerine in the steam bath. Various other methods have 
been proposed. 

In preparing nitro-glycerine on a large scale, the glycerine 
is obtained from some candle factory; the sulphuric acid, 
likeH-ise, from some outside works; but the nitric acid is 
■ produced on the spot The nitro-glycerine works must be so 
placed that, in case of an accident, the destruction should be 
limited to the factory. The nitric acid is distilled in a com- 
' ment by itself. The manufacture of the nitro-glYC^'L'&fc 
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is sometimes carried on in three wooden sheds of light structure 
separated from one another by strong earth banks, of 25 to 
30 feet in thickness at their base; the walls and roofs are 
lined with straw, and the temperature, by means of hot-water 
pipes, is kept day and night at 15° C. 

In the one shed the glycerine is brought together with the 
mixture of acids; in the second shed the nitro-glycerine is 
poured into the water, and otherwise washed ; in the third 
shed the complete elimination of acid from the oily compound 
is effected, and eventually the nitro-glycerine is worked up into 
dynamite. These three operations are now usually effected in 
one building, by means of more modern appliances, but in 
some of the older factories the above system is still adhered 
to. The sheds are sunk into the ground, so that their flat 
roofs are barely above the level of the ground; they are lit 
up by reflecting lamps placed outside on the roofs ; the floor 
is covered with fine sand. At some distance from these sheds 
are the huts in which the cartridges are made. They likewise 
are separated from one another by earth banks, and so is 
another shed in which the packing takes place. Quite away 
from all these buildings are the store-houses, sunk into the 
ground. There are usually also cellars for the keeping of ice, 
which latter serves for cooling the wash water and the mixing 
tanks. The storing of the raw glycerine and the sulphuric 
acid requires no special precaution. 

Stockholm Dynamite Works. — Rudberg recommended 
the following process here in 1868. Figs, i and 2 show, 
respectively, vertical sections of front and side views of the 
apparatus. Vessel i contains the acid mixture which had 
previously been cooled in a vat lined with lead; vessel 2 
contains the glycerine; and 3, cold water. All these have 
outlet tubes which are provided with taps. The contents of 
I and 2 are permitted to flow, on opening the taps a and b^ 
through the tubes A and B, into the vessel provided with the 
funnel C ; this latter vessel is suspended over the channel D," 
which is fitted with stair-like shelves, and surrounded by a 
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I'water-light wooden trough. According to the arrangement 
represenled in Fig. i, the vessel receiving the contents of 
I and 2 is not suspended, but is provided with wheels, so that 
it can be caused to move continuously to and fro on the 
rails c. The lower ends of the outlet tubes A and B are 
slightly bent, and are situated at the opposite side of the bulb 
of a thermomeier T, placed between them. In this way the 
; and the acid mixture meet just below the thermo- 
JDeter, and the rise of temperature caused by the chemical 




iction can thus be accurately measured. For the sake of 
Eater caution, there is a second thermometer fixed in the 
of the fiinnel C. The water from 3 enters through 
tube g, by tap m, the space between the channel D and the 
sunounding trough, and finally leaves through tube w. 

The working of the apparatus is easily understood. The 
D is surrounded with cold water from 3, through 
r, and now the acid mixture is allowed to flow slowly 
> the funnel C, which is set in oscillating motion, so that 
s of the funnel should alternately be over the different 
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compartments of the channel D. As soon as the acid be^ni 
to nin simultaneously from all the compartments, the glycerine^ 
is turned on and allowed to mix with the acid. Tlte reactioiLl 
between the two takes place immediately; it is completed* 
as soon as the mixture has passed through the channel D^M 
which is carefully to be kept cool by a constant supply of cold.l 
water. From D the mixture flows into the large vat 4, wheretl 
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the nitro-glyccritic scpjratcs as an oily layer. It is drawn J 
off, washed first with solution of sodium carbonate, then with,^ 

The remaining diluted acid can be concentrated with very J 
little expense, and used again for nitrifying glycerine, 1 
such re-application of the acid mixture is intended, the v 
4 is filled with water, whereupon the nitro-glycerine sinks t 
the bottom, and can easily be separated from this supernatant^ 
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acid liquid. Washing irith sodium carbonate solution and 
with water concludes the process, 

Pelia and Champion noticed in 1871, that if tlie whole 
quantity of glycerine required in one operation be suddenly 
poured into the acids, and the mLxture stirred with a glass rod 
for ten seconds, the formation of the nitro-glyceriue will have 
been completed, and yet there has been no time for a rise of 
temperature to take place ; on throwing, therefore, the mixture 
into a large mass of water, the nitro-glycerine will separate. 
But the syrupy condition of glycerine makes it difficult to let a 
quantity of it flow quickly into the acid. Champion recom- 
mends, therefore, to allow the glycerine to run down the sides 
of the mixing vat, so as to accumulate on the surface of the 
acids, and when the desired quantity is floating above the 
acids, to mix the two quickly with a glass rod for ten minutes, 
and then to pour the mixture into fifteen to twenty times its 
bulk of cold water. Washing with soda aod water, and drying 
by means of calcium chloride, or by heating to 30° or 40° C, 
conclude the process. The quantity of nitro-glycerine thus 
obtained is double that of the glycerine used. 

Continental Dynamite Factories. — In European facto- 
ries, where the daily production is two tons and over, the nitro- 
glycerine is prepared in the following manner :— 

The glycerine used is of I'lb specific gravity. The nitric 
acid is obtained by distilling a mixture of equal parts of Chili 
saltpetre and sulphuric acid in cast-iron retorts of about 
180 cubic feet contents; it is red from nitrous acid, and con- 
tains also chlorine, derived from chlorides in the saltpetre ; but 
nevertheless it can be employed without fiirther purification for 
the nitrification of the glycerine. 

The nitric acid is brought to the specific gravity of i ■ 48, and 

1300 lbs. of this acid are mixed in four cast-iron pans with twice 

that weight of suiphuric acid ; this mixture, which is left to 

cool for a day, serves for the treatment of 630 lbs. of glycerine. 

^^ne add is drawn from the pans into a wooden cylindrical vat. 
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about 6 feet in height and si feet in diameter, lined inside with 
thick lead, and containing along its lining two spiral lead 
pipes of about i inch diameter, which reach from the bottom to 
the top. Each of these spirals, or worms, forms a system by 
itself, through which cold water circulates, and one may sen'C 
as substitute for the other in case ofleakageof one of the spirals. 

The mixture of acids is stirred first by itself in this vat ; the 
stirring is effected by two iron discs, covered with lead — disc and 
covering being perforated — which glide up and down on a 
vertical iron shaft, the gliding motion being effected by pulling 
the rope attached to the discs over a pulley. The two or three 
workmen who perform this task stand at a distance of 30 to 
40 feet from the vat behind a strong earth bank. When the 
acids have been introduced into the vessel, and the agitation 
has commenced, water of 6° to 8° C. is let into the worais ; the 
temperature of the acid can be maintained la this way at 
14° to 16" C.,as may be ascertained from a thermometer which 
reaches through the lead cover of the vessel into the aci( 
The glycerine, which js kept in a zinc tank on the roof of the* 
shed in which is the mixing vat, is now allowed to ran into the, 
hitter vessel. The flow is regulated by means of a tap, an^i 
also by letting the glycerine first run into perforated zirjcl 
boxes, placed on the lid of the mixing vat, and corking up, 
occasion requires, some of the perforations. 

As soon as the glycerine falls into the acid the temperattue 
rises at once ; but by carefully regulating the supply of glyce> 
fine it may be kept at i3° C, or lower. 

It is advisable not to allow the temperature to rise abo¥»i. 
that degree, though experience shows that a higher temperat 
yields a larger quantity of nitro-glycerine. It requires, according 
to the season and the temperature of the cooUng water, half an 
hour to two and a-half hours for 630 lbs. of glycerine to pass 
into the mixing-vat; the stirring must not be stopped for 
a moment during the process. 

When all the glycerine has been added to the acids the 
mixture is at once drawn off through a leaden pipe to the 
so-called wash shed, where it passes into a tank about 8 feet 
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high and 12 feet diameter, which is half filled with cold water. 
The ialet tube carries a sieve, to retain lead sulphate that may 
have been brought from the mising-vat. Whilst the nitro- 
glycerine Bows in, stirring with wooden poles is begun, and 
continued until the nitro-compound has settled below the 
dilute acid. The bottom of the wash vessel is slightly inclined 
so as to allow a complete drawing off of the nitro-glycerine. 
The outlet taps are of stoneware. The nitro-glycerine is now 
twice washed with water, freed from acid and lead sulphate, 
and finally washed with water to which some sodium carbonate 
has been added 

But even after this purifying process there remain traces of 
acid ; to eliminate these the nitro-glycerine is transferred to a 
third shed, where it is agitated for about an hour in a rotating 
vessel, called the Butter Machine, with about 50 lbs. of a con- 
centrated solution of sodium carbonate ; after this time it will 
no more redden litmus paper. It is now separated from the 
alkalme solution, filtered through felt, and collected for further 
use in leaden reservoirs. 

The yield by this method is from 950 to izoo lbs., according 
to the condition of the raw glycerine, the concentration of the 
acids, and the temperature. It is considerably below the 
theoretically calculated quantity. This shortcoming is due to 
the formation of glycerides, which dissolve in the wash waters. 
As a rule, the yield in winter is greater than that in summer. 



Mowbray's Process. — C M. Mowbray, whose factory is 
situate near North Adams in Massachusetts, U.S.A., gives an 
account' of the process there adopted, from which the sub- 
joined particulars are taken : — 

In the first place, the nitric acid is distilled from five retorts, 
each of them about 100 cubic feet contents, which are placed 
in a well-ventilated building; each retort receives 300 lbs. of 
Chili saltpetre, and 375 lbs. of sulphuric acid; the vapours pass 
through stoneware pipes into a series of four receivers, likewise 
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of stoneware, and placed on a bank about one foot above the 
ground; the first two receivers contain each 150 lbs. of sul- 
phuric acid, the third 100 lbs., the fourth nothing. The sul- 
phuric acid in the receivers facilitates the condensation of the 
nitric acid vapours, and the mixture of acids required for the 
nitrification of the glycerine is obtained at once. The distilla- 
tion is finished aiter twenty-four hours; the mixture of acids, 
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altogether about 600 lbs., is then drawn off into carboys, and 
from these emptied into a stone trough, which is capable (^ 
holding the contents of 18 carboys. In order to effect a 
uniform mixing of the acids, and also to remove nitrous gas, a 
current of air is passed for five minutes through the liquor in 
the trough. 

The nitrification of the glycerine takes place in stoneware 
jars; 116 of these, a,a,a (see Fig. 3), are distributed over nine 
wooden troughs. A, A, A, which latter are filled to within a few 
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inches from the top of the Jars with ice-cold water, or a mixture 
of ice and salt. Each jar receives 17 lbs. of acid mixture, and 
into this 2 lbs. of glycerine is btroduced drop by drop from 
glass ves.sels i, d, 6, which are placed oa a shelf B, E, just 
above the acid jars. Below this shelf runs an iron tube, about 
ij inch wide, through which cold dry air is conducted ; from 
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i tube F, F, F, glass pipes d, d branch off, joined by means 
of indiarubber tubes, into each jar, which thus receives during 
the dropping in of the glycerine a constant current of cold air, 
acting both as cooler and as stirrer. A very beneficial influence 
is ascribed to this air current, which also oxidises nitrous arid 
vapours. 

As there is a large disengagement of nitrous vapours during 
"s process, provision to carry these vapours out of the building 
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is made, by placing the troughs with the pots aroutid chimnes's, 
D, D, Fig. 4, and above each pot a, a, is a flue C„ Cj, leadijig 
into D, which carries the fumes outside the building. 

The nitrating house, in which this opera^on is performed, 
measures 150 feet in length, 

The introduction of the glycerine into the acid must be 
finished within an hour and a-half ; there should be no rise in 
temperature, and certainly no appearance of red vapotirs. 
After the transformation of the glycerine, the jars are emptied 
into a large vat A, Fig. 5, containing water of zi" C. or 68° F,; 
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the nitro-glycerine sinks to the bottom and remains covered 
with about 6 feet of water for a quarter of an hour, when first 
the water is drawn off" from above at faucet b^, then the nitro- 
glycerine from below at b^. The latter is transferred to the 
oscillating cask B, in which it is washed three times with water, 
and twice with soda solution, a current of air passing through 
the Uquid all the time. The wash waters pass into a tub, from 
thence into two casks C sunk into the ground, where such 
nitro-glycerine as had been carried away by the water is 
retained. 

The nitro-glycerine Is carried in copper vessels to a shed, 
about 100 yards distant, and poured into stoneware jars, of 
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60 lbs. contents, and the jars placed in reservoirs filled with 
water of ai" C, and. left there three days. Impurities rise to 
the surface, and are skimmed off. 

The aitro-glycerine is now ready for commerce. It is filled in 
canisters of gnlvanJsed sheet-iron, coated inside with paraffin, 
and capable of holding 56 lbs. ; the floor of the shed where the 
filling takes place is covered with a thick layer of calcined 
plaster of Paris, in order that any spilt nitro-glycerine may be 
absorbed at once. The canisters are then exposed to the cold 
of ice and salt for the sake of freezing their contents ; in this 
state they are stored, 30 to 40 to a batch, in magazines 100 
yards from all the other buildings of the factory. The transport 
of the nitro-glycerine takes place also whilst it is frozen. 

The yield in Mowbray's factory amounts to 223 per cent, 
of the glycerine employed 

Compressed Air Mixing Apparatus.— At the forcite 
works in America, Belgium, and Spain, the nitro-glycerine is 
prepared by means of a mixing apparatus worked by com- 
pressed air. In a large vat, lined with heavy sheet lead, the 
acids are mixed every evening in the proportion of 65a lbs. of 
nitric acid to 1300 lbs. sulphuric, and left over night to cool. 
These vats are located under an open shed on higli ground, 
in the morning they are let flow by gravitation through 
pipes into the nitrating apparatus. 

This apparatus consists of a large cylinder made of J-inch 
sheet lead, closed at top and bottom and set in a wooden tank, 
which is larger than the cylinder, so as to leave a space of 2 or 
3 inches around its sides and bottom. This space serves as a 
water-jacket for the continual circulation of cold water outside 
the cylinder. Inside the cylinder are several coils of i-inch 
lead pipes, so arranged that the inlet and outlet of these pipes 
pass through the top cover. This top cover can be occasion- 
ally removed for repairs. There are also two small openings in 
the top cover for the insertion of long thermometers ; one 
central opening for the insertion of an injector, which is a very 
■KCnious instrument for the admission of compressed s-ii ^wd 
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glycerine, and can be regulated so as to control the flow of 
glycerine as well as the compressed air. There is also an 
escape-pipe for the nitrous gas, 

■\Vhea the acids have been charged into this nitro-glycerine 
apparatus, the water is turned on and allowed to circulate freely 
through the jacket and coils, which cools the acid mixture. 
The injector is now connected with the glycerine tank (located 
on the roof of the building) and with the air receiver by means 
of indiarubber pipes, and the compressed air agitates the 
mixture while a small stream of glycerine flows in ; when the 
charge of glycerine, say 310 lbs., has been run in the nitrating 
process is finished, a large faucet of stoneware is opened, and 
the contents of the cyhnder discharged into another ojren lead- 
lined vat located on a lower story of the building. 

It must be mentioned that while the glycerine flows into the 
nitrating apparatus the operator should closely watch the ther- 
mometers, and see that the temperature of the mixture in the 
cylinder does not exceed 28° C. or 80° F. There are special 
thermometers made for lliis purpose which have the number 80 
marked in red, indicating thereby the danger point. During 
the manipulation, should the temperature for some cause rise to 
this pobt, the flow of glycerine should at once be interrupted, 
and the influx of compressed air continued ; if in spite of this 
the temperature rises — let the operator not lose his presence of, 
mind, but open the discharge faucet and let its contents flow' 
into a large tank placed on the lowest floor of the building-, 
which is always half filled with water. Here the charge is 
drowned, and all danger of premature explosion is avoided. 

If the charge works well it takes about an hour to nitrate 
310 lbs. of glycerine, and when the same has been discharged; 
into the lead tank or separator, where it is allowed to remaii 
quietly for a few minutes, the nitro-glycerine, owing to its' 
lighter specific gravity, will collect on top of the acids ; thei 
it is skimmed off by means of a dipper as it rises to the surfaci _ 
and is poured into washing vessels to be freed by repeated 
washings, first with clear water, and then with solurions of caA 
bonale of soda, from any acid which it may contain. The 
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washing is effected by agitating the water and nitro-glycerine 
with a current of compressed air. 

The acids remaining from the separator are now allowed to 
flow into a species of tower filled with quartz pebbles, where by 
a special process the last traces of nitro-glycerine are destroyed, 
and then the acids are ready for reconcentration and further 
use." 



Most manu&cturers keep the details of their manufacture 
secret, and it is well to mention here that only those who 
already possess a practical knowledge of the manufacture 
should undertake the making of nitro-glycerine. 

• At Kobel & Ctt's works the process for manufacturing nitrO'glyce- 
rine differs only in snuU details ftom the description here given. 
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CHAPTER IV. 
rKOPE/triES OP NlTRO-CLYCEHmE. 



ffi when taken into die 
JLiWwttoainj; of si^bt, scupcn; 
JI'lUgCT (k^ it acts like 
ktiMn ID grains 3ie sw^dlowed. 
B produces serious ^jrEup cuius, 
Rtinw. 
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""shocks. According to Kopp, it may even be evaporated by 
being dropped upon a moderately hoi plate ; but, if the plate is 
hot enough to bring the mtro-glycerioe to boiling, it explodes, 
according to Grevf Besanrz. Experiments of Champion have 
shown that it evaporates at iSj" C, boiling and evolving red 
fumes, buras briskly at ix-f C, and detonates with violence 
at as7° C. I may say that these phenomena may take place 
at lower temperatures. 

The decomposition of exploding nilro-glycerine takes place, 
as Berthelofs researches show, according to the equation 

L 2 CsHb (0N0,)3 = 6 CO, + 5 H,0 + N^ + O. 

Nebel has calculated that one volume of nitro-glycerine 
disengages 1298 volumes of gases of 100'' C. at a baro- 
metric pressure of 760 mm., consisting of 554 water vapour, 
469 carbonic acid, 236 nitrogen, and 39 oxygen. List esti- 
mates the bulk of the Hberaled gases at r504'9 volumes. 
Nitro-glycerine evolves, therefore, at the lowest estimate, 
nearly six tiroes as much gas as gunpowder, computed for a 
temperature of loo" C. ; but a far higher degree of heat is 
produced by the instantaneous combustion of nitro-glycerine, 
which, according to Nobel, expands the bulk of the freed gases 
to eight times the original 129S volumes, whilst the gases of 
gunpowder would not be trebled at a like temperature ; the 
explosive force of nitro-glycerine, therefore, slands to that of 
gunpowder as 13 to i, according to volume. 



Detonatlon.^ — Putting a light directly to nitro-glycerine 
does not lead necessarily to detonation. Poured out in a thin 
layer, the liquid bums away like gunpowder, A red-hot iron 
rod, applied by Nobel to nitro-glycerine, had no effect whatever ; 
a burning wooden splinter kindled it to a quiet flame, but, on 
removing the match, the flame of the nitro-glycerine went 
out immediately ; according to Nobel's experiments, when it 
u set OD fire it will bum away quietly long before it is heated 

rte degree at which it will explode, but this has nevei be.ea 



■|t)] 



26 PROPERTIES OF NITRO-GLYCERINE. 

proven or a large scale, and I would not recommend such a 
experiment. 

It is only on being heated in a dosed space that its entiie 
ttaas explodes, when the temperature reaches 257°. Such j 
heating tan be effected by the electric spark. Sir Fredei 
Abel placed two poles, connected with a Ruhmkorff c 
into some nitro-glycerine, and allowed a number of s 
to pass between them ; the surface of the nitro^lyc 
became sauted, turned black, and after half a 
exi^oded 

Gradually increasing pressure is unable to explode liqiu 
nitro-glycerine; but a sudden blow will do it, though it 
detonates only that portion with which it came in contact. 
The eiiplosion produced in the part that had been directly 
exposed to the blow will not communicate itself to the rest at 
the nitro-glycerine. If, however, nitro-glycerine is in a solid 
condition^froien, for instance — a blow given to a portion 11 
be transmitted at once to the entire mass. Several accident 
*rc on record where the explosion could be traced 1 
mechanical force having acted on frozen nitro-glycerine. On 
kind of mechanical force — shaking — seems to form an exceptiai 
to this ob-servation ; for, as already mentioned, Mowbraj^ 
nitro-glycerine is safer to move in a frozen than a Uquid sts 
and Nobel also mentions that liquid nitro-glycerine is < 
tremely sensitive to vibration." 

The detonation of gunpowder, gun-cotton, or fulminate 
causes nitro-glycerine to explode, whether it is loose or undi 
confinement 

Exposure to the solar rays transforms nitro-glycerine int 
a very unstable, easily explosible substance ; and Jimgiet ' 
observed spontaneous explosions of nitro-glycerine in air 
charged with ozone. Dynamite loses its strength in tropical 
countries by gradual evaporation of nitro-glycerine. I havi 
made this observation on the Isthmus of Panama, whet 
dynamite refused to explode after several months' storage. 
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Nitro-Qlycerine in qbe. — At the first nitroglycerine was 
used in conjunction with gunpowder ; the latter was exploded 
by any of the usual methods, and through its explosion the 
nitroglycerine was detonated. A tin cartridge was fiUed first 
with gunpowder, then with nitro-glycerine, closed by a cork, 
and placed in the bore-hole, which had to be about a quarter 
of an inch wider than the cartridge ; the space between was 
filled with coarse-grained gunpowder, which covered the cart- 
ridge about an inch high ; a fuze was inserted, and the bore-hole 
tamped with sand. Later a special detonating capsule was used 
by Nobel, consisting of a wooden box filled with fine powder, 
and provided with a fuze. The nitro-glycerine was poured 
directly into the bore-hole, which had to be lined with plastic 

i86g, blasting on a large scale was carried out 
le granite quarries near Stockholm. A bore-hole of about 
fo feet in depth was charged with g lbs. of nitro-glycerine; 
after explosion, about 200 cubic yards of granite, weighing 
something like 350 tons, were found torn away, and the 
main rock was traversed by long fissures. This result created 
much sensation, and caused a great demand for the new 
explosive. The application of nitro-glycerine increased in 
the nest following years, and amongst other uses, it was soon 
used for breaking up large masses of old iron, such as anvils, 
cylinders, &c. 

The efficiency of nitro-glycerine in water was shown by 
experiments which Nobel performed in 1866 in a pond near 
Hamburg. A canister, containing about 2^ lbs. of nitro- 
glycerine, was lowered under the surface of the water and 
tired ; the explosion sent up a column of water of about 
5 feet in diameter to a height of about 300 feet A like 
quantity of gunpowder in a similar canister, on firing, lifted 
the water to no more than a few feeL 

The highly favourable reports on the explosive value of 
nitn^glycerine were soon followed by statements of its being 
of the most dangerous of know-n blasting agents. In 1866 
Indian mail packet was blown up, a whart Witv dciSi'ft, 
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M nunU>cr of A^!i;u>^w ships were injured, and many lives lost 
At Tolon* Umnijsh ,w cxpWion of nitro-glycerine.* Not long 
ttftcr \\\M i\ kMriul Aividonl occurwd in San Francisco at 
NWIIs, l\ii>j\> C^ i\\\ii express office, A box was noticed to 
loak Non^o oily suK^iajux', And one of the employ^ took a 
h<muucr \\\ dn\c in a fit^ nail j^o as to keep the box tighter 
lo^oihor, >\hon on hAtnuK^hnj; the lx>x exploded. Later on, a 
Nowrasilc nuv*iisir;Ue And sexTral other persons fell victims to 
«n «»niilont \\\\\\ x\\\s> evplosix-c KxK\ In 1868 a factory at 
SliHkh\>h\\ >\hcit* nimv^lw^Mnne is nunuftctured was blown 
up rtiul A niunlx^r of uku kUk\5, And not long after that an 
t;\pl\>Mou AHoudcx) >\;;h icAiiul K>ss of life occurred in Belgium. 
This lA.>t UAU^csl A^vuJcni U\i 10 the Authorities altogether 
pri^hilulin^ ihc u>o vn this c\plosi\*e compound in that 
kih>;doiu« 

Tho o\A»'t tA\ise of those cxpKvsions was never ascertained, 
luu gonrial opini\M\ AsonU\l ihem to violent concussion of 
the \\i\m\ \\\{\\\ jilvivnnc* or to its $)>oniAneous decomposition. 
Mr. Nohcl thinks thAt the mAnutAciurers; were not aware 
tti iho liuu^ of iho immense induence which the metallic 
jKukiug then use^l ^iu the tomi of tin cAnisters) exercises, 
even when iiu'loM\l in >v\v\!en boxe^> on the liability of nitro- 
glycerine to expUnle hy \\M\oussion and vibration of the metal 
])ackinj<[. 

li was then pn>iHVie\U Ami Adopievl as a temporary measure, 
to render nitn^-glvieriue iue\|>lvVii>x\ or rather much less 
sensitive, by luliling nKHhvlic Ali\>hoK which it readily dissolves. 
On shaking it with water, which takes up the alcohol, the 
explosive properties are fully resiorevU And the same detonator 
cap, whicli has not the slightest effect on the mixture of nitro- 
glycerine and wood naphtha, expkxies it after a moment's 
washing with water. Since the invention of nitro-gelatine, 
nitro-glycerine has ceased to be used in the liquid state, as 
the former is just as strong. 

* I mrrived in Colon in Mar, 1S66, on mv way to Califoniimf and saw 
in the harbour the wrecks of several mail steamers which bad been 
destroyed by this explosion. 
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GQlatlnieed Hitro-Glycerine. — Nobel has patented a' 
process for solidifying nitro-glycerine by means of gun-cotton 
collodion. The explosive compound becomes more and more 
gelatinous in proportion to the quantity of nitrated cellulose 
which is dissolved therein ; and it forms (when 7 to 8 per cent 
of the nitrated cellulose has been incorporated) a solid jelly — 
known as Nitnygdatine — which the inventor claims to be very 
safe and highly suitable for every purpose to which very 
powerful eipiosives can be applied. The details given in the 
patentee's specification are here set out* 

In some explosive liquids (such as nitrate of methyl) 
collodion -cotton readily dissolves at the ordinary temperature, 
and forms a thick explosive gum or jelly. In the case of 
nitro-glycerine, however, the incorporation of the above-named 
gelatinising substance is facilitated by adding a small quantity 
of a substance which promotes the solubility upon which the 
gelatinisation depends. Such substances are the acetic eihers 
of glycerine, ethyl, methyl, acetic acid, a mixture of alcohol 
and ether, acetone, nitro-benzol, diuitro-benzol, the nitrates of 
methyl, ethyl, and other analogous substances. The quantity 
of the solvent which has to be added depends upon the nature 
of the substance chosen ; but, as a rule, about 10 per cent, of 
the weight of nitro-giycerine which has to be gelatinised will 
be found in practice to be amply sufficienL Moreover, by 
gently heating nitro-glycerine (in a water bath or otherwise), 
it acquires the property of dissolving nitrated collodion 
cellulose without the addition of the promoting solvent ; or 
when it is found advantageous to use the promoting solvent, 
the application of heat will enable the quantity used to be 
reduced to 2 per cent., or even less, of the weight of the 
nitro-glycerine. Since nitrated cellulose is rarely, if at all, of 
■X homogeneous composition, and therefore its solubility in 
nitro-glycerine will be found to vary, the necessity for adding 
a promoting solvent must be ascertained by experiment. 

The above-described process of gektinisation nee ess i- 
Wes: — 

• The palenl is dated I3(h October, 1576. 
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. That the explosive liquid shall contain no impurity or 
foreign matter capuhle of counteracting its power of dissoUiog 
nltrutcd cellulose, or other substance possessing the same 
Iiroi)ertj', na hereinbefore described. 

I, 'I'bat only such nitrated cellulose or other analoj 
■ubitance in to be used which readily dissolves in and gdar-l 
tinliica the explosive liquid. 

j, Tlittt the solution of the nitrated cellulose or otheri 
analo^un aubatance (especially if that substance is twisted 
or compressed) shall be facilitated by mechanical stirring ot 
kncndinK so as to allow of the necessary access to all the 
[larld of the niirntcd c-otlon intended to be dissolved. 

"I'lic cx]>l(isivc jelly which is obliiined by this process can 
ba easily pressed into cartridges, or any other forms found 
convenient for use. For certain purposes, and especially for 
military uac, it ia important to be able to dilute or modify 
Iha cx|)]osivc BCDsitivencss of gelatinised nitro-glycerine in a 
tnciiaure cxainly suited to the purpose in view. This is done, 
by adding more or less of a non-explosive or sluggish^] 
Qxploaivc Kuli^timce, possessed of the property of dissolvii^ 
botli nltro-glyccrinc and the substance which serves to gela- 
tinise it. Such arc tlic acetic ethers of glycerine, methyl, 
ethyl, ond acetone, acetic acid, nitro-benzol, dinitro-benzol, the 
ailratfH of methyl and ethyl, or other solvents of an analogous 
character, An addition of the above-named, or of any 
analogous gubstance, serves not only the purpose of rendering 
the gelatinised nitroglycerine less sensitive to concussion, but. 
also reduces its <iuickness of explosion ; it facilitates, as al 
described, the process of gela^nisation ; and it lowers the 
peraturc at whicli nitro-glycerine becomes hardened or 
gealed. The le.ist volatile substances, such as the acetic t 
of glycerine, nitro-beniol, dinitro-benzol, deserve preferei 
inasmuch as they cannot become inactive through evaporati( 

Gelatinised nitro-glycerine, when properly confined, can be 
exploded by a common fuse; but, as a rule, detonators, 
containing a strong charge of fulminate, are used, as also 
for firing dynamite. When hardened in cold weather, gela- 
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lised oitro- glycerine explodes more readily than frozen 
dynamite ; still it is a good precaution always to head the 
charge with a primer, consisting of a smaJt cartridge of gun- 
powder or gun-cotton, or dynamite, or uncongealed gelatinised 
nitro-glycerine, or an analogous substance. 

Experiments have demonstrated its insensibility to shock, 
to friction, and to the pressure or action of water; and, 
further, that to produce complete explosion in a free state, 
and to develop the great force corresponding to its chemical 
composition, it would be necessary to use, even in its soft 
state, a peculiarly powerful detonator. 

One gram of fulminate of mercury is insufficient to detonate 
a charge in a soft state contained loosely in a tin case. Frag- 
ments of gelatine as large as a pin's head, or even as a small 
pea, were found scattered about after an explosion. 

Under the blow of a pile engine, the gelatine was insensible 
to a blow of 3-5 kilogramnietres ; while dynamite instantly 
explodes under one kilogrammetre. 

The gelatine is unaffected by submersion in water, even at a 
temperature of 158° F., and showed no exudation after eight 
days, at a temperature of 113" F. 

Camphor is generally added to render nitro-gelatine in- 
sensible to blows, even of projectiles at short range. Nitro- 
gelatine thus treated is the Gelatine Explosive de Guerre, 
which is largely employed by various Governments for mili- 
tary engineering purposes. A specially prepared primer is 
required for its complete detonation. 

In appearance it is gelatinous, elastic, transparent, and pale 
yellow in colour, Its density is i ■ 6 ; it can be cut with a 
knife ; and under the severest pressure it shows no trace of 
nitro-glycerine. At a temperature of 122° F. to 140" F., it 
softens a little, but seldom becomes greasy. When inflamed 
in tbe open aii, it bums like dynamite, or dry compressed 
gun-cotton. 

Camphorised nitro-gelatine evaporates very little even at a 
temperature of 158° F., and if it is exposed to that degree of 
~ It for one week. 
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Pure explosive gelatine, slowly heated, detonates at 400° F., 
or rapidly at 460° F. Mixed with from 4 to 10° of camphor, 
this substance will not explode at the same temperature as 
gunpowder — viz., 570 to 600° F. — but simply bums, pro- 
ducing sparks. 

The more camphor nitro-gelatine contains, the more difficult 
it is to explode, and with a certain admixture of camphor the 
compound may even be fired into with rifle bullets without 
detonation resulting. 






CHAPTER V. 

VARIETIES OF DYNAMITE, 

Invention of Dynamite — Kieselguhr Dynamite — Influence of Kiesel^uhr 
on Explosive Eflliciency — Colonia and Hercules Dynamite — Vulcan — 
Seranine and Horsley's Powder — Dualine — Lithofracteur— Ammonia 
Powder — Giant Powder No. 2 — Sebastin — Brain's Powder — 
Rhenish Dynamite — Forcite — Atlas Powder — Gelatine Dyna- 
mite — Glukodine — American Hercules Powder — Judson Powder — 
Paleine or Straw Dynamite — Trautzl's Dynamite — Carbo- Dynamite — 
Smolianinoff Explosive — Snyder Explosive — Von Dahmen's Safety 
Dynamite— Classification of Dynamites — American and Belgian Forcite 
Powder Works. 

Dynamite consists of nitro-glycerine absorbed in a porous 
substance, particularly the silicious infusorial earth, occurring 
in Hanover, called "kieselguhr." It is erroneously believed 
to have been discovered accidentally through a leakage of 
nitro-glycerine into kieselguhr. But the first dynamite made 
contained no silica ; it consisted of porous charcoal and nitro- 
glycerine ; and numerous experiments were made with various 
absorbents, such as porous terra-cotta, sawdust, ordinary paper, 
and nitrated paper soaked in the liquid explosive and rolled into 
cartridges, before porous silica was finally adopted. Kiesel- 
guhr absorbs from three or four times its own weight of nitro- 
glycerine, and possesses the advantage over other absorbents 
. of resisting a greater degree of pressure without parting with 
any of the nitro-glycerine which it holds. At first the new 
blasting agent made but slow progress, owing in a great 
measure to the strong prejudice existing against its chief 
ingredient. But gradually it has grown into favour and is now 
universally adopted as a blasting agent. 
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D3mamite {Kieselguhr Dynamite), — The infusorial earth, 
to be employed as an absorbent, must be freed from organic 
admixtures, water, and coarse silicious grains. The first two 
are eliminated by calcination, which is carried out in furnaces 
situated one above another, usually four of them ; the kiesel- 
guhr is pushed from the uppermost to the lowest. The 
calcined mass is then crushed between cylinders and passed 
through wire sieves. 

The saturation of the infusorial earth with the nitro- 
glycerine takes place in the same building in which the liquid 
is finally washed. According to F. Capitaine, 50 lbs. of 
kieselguhr are put \\ith treble the weight of nitro-glycerine 
into flat wooden trays and mixed by hand; the workmen 
ought to have gutta-percha gloves, but tliey mostly neglect 
this precaution. In about half an hour the mixture is com- 
pleted ; the mass is now pressed by hand through sieves, and 
is ready for being filled in cartridges. The cartridges are of 
cardboard paper or of vegetable parchment ; their mode of 
filling is very simple and is usually done by hand. 

The impression has prevailed until lately, that a chemically 
inactive absorbent like kieselguhr in dynamite could not exert 
any influence on the explosive efficiency of a nitro-glycerine 
mixture; but Capt F, Hess and Lieut Jo/m Schwab^ while 
making some comparative experiments with a pressure gauge 
on two kinds of kieselguhr dynamite, noticed some remarkable 
difl^erences in their action, which led to the investigation of 
these substances. 

Two samples of dynamite were experimented with, supplied 
from Nobel & Co.'s factories, one of which came from the 
factory at Zamky, made in 1872, and the other from the factory 
at Pressburg, made in 1876. 

These samples were compacted into small cartridges, each 
containing 1 7 grams, and they were placed on the top of two 

id cylinders, each 20 mm. high and 31 mm. in diameter, the 

er one of which was placed on a cast-iron plate. The cart- 

*Ud not rest directly on the upper lead cylinder, but a 
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thin steel disc, 3 • 5 mm. in thickness, was interposed between 
the cartridge and the cylinder. 

The effect of the explosion made itself manifest by the com- 
pression of the two lead cylinders, which, measuring 40 mm. 
before the explosion, were reduced by the explosion to the fol- 
lowing heights : — 

I*'.. Six shots with dynamite of 187a — 
27*8 mm.) 



28-2 „ 

276 „ 

27-4 » 

27-8 „ 



Height of the compressed cylinders. 
Average 27*67 mm. 



2°, Six shots with dynamite of 1876 — 



26*5 mm/ 
266 „ 
26 3 „ 
26-1 „ 
26-8 „ 

25-7 yf 



Height of the compressed cylinders. 
Average 26 * 33 mm. 



The 1876 dynamite showed a greater intensity than the 1872 
sample. The chemical examination of the two dynamites 



gave — 



Dynamite of 1872. 

Nitro-glycerine 70*8 per cent. 

Kieselguhr 28*2 ,, „ 

Water ........ I'o 



»> >> 



Three determinations of the nitrogen in the nitro-glycerine 
by Dumas' method denoted the following percentages — 

I. II. III. Average. 

i6'i3 i6-i2 i6'i2 i6-i2 

Dynamite of 1876. 

Nitro-glycerine 70*08 

Kieselguhr 28-82 

Water . i*io 

Nitrogen found in the nitro-glycerine by Dumas* method — 

I. II. III. Average. 

15*72 iS'^S 15*68 iS-6% 

D 1 
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According to the preceding analysis, the composition of the 
two dynamites does not vary sufficiently to account for the dif- 
ference of intensity-effect which the pressure gauge showed. 
Still, as there was quite a difference in the effect of the two 
samples, and as this was in favour of the dynamite of 1876, as 
this also contained not only less nitrogen in its nitroglycerine, 
but also less nitro-glyceriae in the mixture than the sample of 




THE MICROSCOPE : 



1872, the cause for this variation in the effect must be looked 
for in the structure of the kieselguhr, which in reality shows a 
great many variations. 

The figures 6 and 7 exhibit the appearance of the two 
kieselguhrs when magnified to 300 times their natural size, used 
in these dynamites and extracted from them. 

The kieselguhr of the 1876 dynamite shows the long tubule 
fve}}-preseTved bacillaris, whereas the kieselguhr of the 1872 
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dynamite shows only fragments of the tubular diatomaceK, but 
in larger proportion the pleurosigmata and dictyochere, which 
are round, and also numerous granules of quartz. 

It is well known that the long tubular bacillarix absorb the 
nitro- glycerine much better than the short fragments of the 
other two kinds. In the dynamite of i8;6 every drop of nitro- 
glycerine was, as it were, packed away in a little vessel and was 




I .„.. 

^Keeistance in the absorbent, which acted as a kind of tamping 

1^^ itself, which increased the intensity of the dynamite. In the 

^dynamite of 1872, which appeared and felt fatty to the touch, a 

portion of the nitro -glycerine was not absorbed, and did not 

get the tamping effect ftom its absorbent, and hence it showed 

intensity. Therefore, not only through considerations 

E safety should fatty nitro-giycerine niixtwTea be a\Q\'ie,'i, 
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but also because their intensity-effect is lessened by this 
condition. 

The great success of kieselguhr dynamite has given rise to 
numerous other nitro-glycerine compounds, of the best known 
of which I proceed to give a more or less brief account 

Colonia and Hercules dynamite are mealed gunpowder 
mixed with about 35 per cent, of nitro-glycerine, and resemble 
the first nitro-glycerine preparation brought out in 1863. . They 
are manufactured at Cologne by Wasserfuhr. 

Vulcan is also a dynamite, composed of mealed gunpowder 
holding 43 per cent of nitro-glycerine. 

Seranine and Horsley's Powder are chlorate of potash 
preparations mixed with nitro-glycerine. The substitution of 
a chlorate for a nitrate is said not to add to the power, while 
it adds to the expense of the compound, and also somewhat 
increases its danger. 

Dualine was brought out by Ditmar in Germany. It 
consists of sawdust, nitrate of potash, and nitro-glycerine. 

Lithofracteur. — Its ingredients are, nitro-glycerine, 55 
per cent.; kieselguhr, 21 per cent; charcoal, 6 per cent; 
barium nitrate and bicarbonate of soda, or either of them, 
15 per cent, sulphur and manganese oxide, or either of them, 
3 per cent Manufactured by Krebs, in Deutz. 

Ammonia Powder, invented by Ohlson and Norrbin, 
though comparatively unknown, is far stronger than lithofrac- 
teur, and surpasses even dynamite in point of power. Its 
only drawback is the hygroscopic nature of its chief ingredient, 
which is ammonium nitrate. But in every other respect it is a 
very superior blasting agent when freshly prepared, but it has 
no keeping qualities. It consists of eighty parts by weight of 
nitrate of ammonium, six parts of charcoal, and fourteen to 
twenty of nitro-glycerine. 
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Giant Powder No. 2 {Dynamilc No. 2) consists of 40 per 
cent, of nitro-glycerine added to a mixture of forty parts 
nitrate of soda or potash, six parts resin, six parts sulphur, and 
eight parts infusorial earth. Other nitrates may be substituted 
for those above named, and other carbonaceous substances for 
the rcbin. 



"3 
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Sebastln, patented by G. Fahnejelm of Stockholm, con- 
tains a specially prepared cliarcoal as the absoriiing material. 
The carbonisation or coking (according Co the patentee) must 
be so done as to completely destroy the organic substances, and 
to produce as porous a charcoal as possible. 

I'or this purpose young trees or saplings, or branches of 
tplar, hazelwood, or elder-tree, are selected and burned in 
Open fire. When the wood has been consumed the fire 
not put out by means of water, but left to go out of itself. 
this way a very inflammable and very porous charcoal 
obtained, which can absorb more than five and nearly 
times its weight of nitro-glycerine. The charcoal is pul- 
a wooden mortar, but should not be reduced to 
fine a powder, else it will not so completely absorb the 
ro-glycerine. 
'The charcoal produced in the ordinary way is quite different 
as rcgartls absorbing power. Charcoal of fir-iree may, how- 
ever, be used, if charred a second time in a special oven. 

By mixing different kinds of charcoal a material may be 
itained possessing the required absorbing qualities, and an 
ilosivc compound may then be obtained of the reijuired 
without loss of the necessary consistency ; that is, 
tout being too dry, which is undesirable. The charcoal 
not only serves as a good absorbent for the nitro-glycerine, 
but it plays also an important part in the combustion. The 
nilro-glycerine in exploding decomposes into steam, carbonic 
nitrogen and oxygen. 
In the explosion of dynamite with inert base, the oxygen 
away without being utilised ; but in the explosion of this 
compound a part of the absorbent charcoal is burned by 
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means of the liberated oxygen ; the quantity of gas is thus 
augmented, and also the development of heat, whereby again 
the tension of the gas is augmented. As, however, the 
quantity of charcoal necessary for the complete absorption of 
the nitro-glycerine is in all cases much larger than that which 
can reduce the excess of oxygen produced at the explosion, 
nitrate of potash is added. 

Brain's Powder contains chlorate, in the place of nitrate 
of potash ; and, as an absorbent, coal dust, sugar, starch, or 
any carbonaceous material. 

Rhenish Dynamite. — This product of the Rhenish 
1 )ynamite Company is composed of seventy parts of a solution 
of 2 to 3 per. cent, of naphthaline in nitro-glycerine, three 
parts of chalk, seven parts of heavy spar, and twenty parts of 
]jiurified infusorial earth. 

Porcite was the invention of Captain J. M. Lewin, of the 
Swedish service, and is a mixture of nitro-glycerine with cellu- 
lose, the latter being gelatinised by heating in water under 
considerable pressure ; but nitrated cellulose is also used in 
admixture with oxidising salts. As manufactured on a very 
large scale in America and in Belgium, forcite consists of a 
thin blasting gelatine, nitro-cottori, incorporated with a mixture 
of nitrate of soda coated with molten sulphur and wood tar. 
To this I per cent, of wood pulp is added to counteract the 
sticky qualities of the tar, while the latter prevents the thin 
blasting gelatine from soaking into the base, which is thus 
used as a carrier rather than as an absorbent. The explosive 
meets with remarkable success in America, where the factory 
on Lake Hopatkong in New Jersey, two hours from New York 
City (erected under the supervision of the author in 1884), has 
a capability of turning out six tons of forcite daily ; three grades 
are manufactured there.* Forcite manufactured in Belgium is 

* A description of these works, and also a plan of the Belgian forcite 
works at Baelen-sur-Nethe, will be found at the close of this chapter. 
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Ibo meeting with success, and is being used largely in many 
European and South American countries.* 

The subjoined Reportf of General IT. L. Abbot, Lieutenant- 
Colonel of Engineers, U.S. Army, concerning the forcite 
compounds, will be read with interest ; — 

" Forcite presents the appearance of a plastic mass having 
power of nilro -glycerine, and being attended in its making, 
carrying, and keeping with Jess danger than explosive com- 
pounds before known, and even than 'blasting' or 'mining 
' powder ' properly called. 

" It lias the remarkable and most advantageous property of 
exploding when confined or charged in a drill hole, as well by 
the action of special primers or caps, and if specially prepared 
for the purpose, with a fuze alone, and of burning without 
explosion in the open air. Its manufacture is less costly than 
other compositions of nitro-glycerine. The nitro-glyeerine is 
so perfectly united with the other materials that it is not 
separated by sulphuric ether or alcohol, and that water has no 
action upon it. The nitro-glycerine therefore preserves its 
properties without alteration, even under water." [I have kept 
forcite under water for 24 hours without its losing any of its 
explosive properties. — M. E.] 

" The base for all grades of forcite is, as described in the 
nitro-glycerine patent, mixed with a special kind of cellulose, 
which permits the operation and manufacture to be carried on 
cold, ensuring entire safety in handling and storage, the pro- 
perties of the nitro-glycerine being unchanged by the avoidance 
of the intense heat heretofore necessary, as in the case of 
Nobel's formula, which requires a high temperature for the 
gelatinising process. This is overcome in the forcite formula, 
which produces a plastic watcrjiroof compound ranging from 

" Since these pages were pnt in type, forcite (after examination by 
H.M.'a Inspeclora of Explosives) has been put upon the list of "nmliorised 
explosives " under llie Explosives Act, 1875 (see/oi(, pp. 276-7). 

t Published in his ' Report upon Investigations to develop a. Sysieni of 
Submuine Mines for defending the Harbours of the United States.' cou- 
stituling ' PXOFESSIOSAL pAPEBS, No. 23, CORPS OF ESGVNttKS, V^Siv' 
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80 to 30 per cent of nitro-glycerine ; and by the addition of 
saltpetre, as an absorbent, the quantity of nitro-glycerine can 
be reduced, while . preserving a high standard of explosive 
strength. The use of a hydro-carbon as a solvent of the 
forcite mixture renders forcite waterproof as a result It will 
be perceived that forcite, in many respects, resembles NobeFs 
explosive gelatine, which is not as yet manufactured in the 
United States, Possessing special interest as the only American 
representative of this latest order of modem high explosives, it 
has been carefully tested at Fort Willet*s Point during the past 
season. 

**The following grades were selected for trial : — 

Forcite gelatine, containing 95% nitro-glycerine and 5% cellulose. 
Forcite No. I ,, 75% „ „ 25% explosive base. 

Forcite No. 3 „ 40% „ „ 60% „ „ 

Forcite No. 3 A. „ 30% „ „ 70% „ „ 

" The varieties used in my trials all had the yellow tint 
characteristic of explosive gelatine, but less bright — ^the base 
being apparently sodium nitrate with a trace of rosin, from a 
rough test made after partial deliquescence. 

** The strongest sample (95 per cent of nitro-glycerine) looked 
quite like the explosive gelatine made in this country, and 
tested by me in 1881. It was more mottled and slightly darker 
than the Scotch gelatine, which has a beautiful semi-transparent 
yellow tint Exposed for several hours to a temperature of 
100° F., a slight exudation of nitro-glycerine was detected in 
the forcite gelatine, but none in Nobel's; but it must be 
remarked that the latter only contained 93 per cent of nitro- 
glycerine, not 95 like the forcite gelatine. 

" The specific gravity of forcite, by careful measurement, was 
found to be the following : — 

Forcite gelatine 1*51 

„ No. I I -60 

,, No. 3 1-66 

„ No. 3 A I '69 

That of the Scotch explosive gelatine was i '53 



" All the forcites were sonaewhat elastic to the touch, the 
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frei grades being the harder. The lowest grade exiiibited a 
dded hardness and friability as compared with the highesL 
"Fourteen shots were fired with each of these grades of 
arclte in the four or five foot rings submerged about 35 feet 
1 water about So feet deep. The charges were contained in 
the usual tin cans, and were exploded with the service fuze 
containing 24 grains of fulminating mercury. Four of the 
charges with each grade also contained a 3-ounce toniie primer, 
to indicale whether the fuze alone was sufficient to ensure 
perfect detonation. The registered pressures were not thereby 
increased, indicating that no extra primer is required. 

"The results of my tests and their analysts justifies the claim 

of the Forcite Powder Company, that the higher grades of 

their explosives are far more powerful than any others in our 

market, at least when fired under water in the manner of these 

trials. The permanency of its composition when in store for 

long periods remains to be tested by time. Cartridges of the 

rce lower grades, stored for a few weeks in a damp magazine, 

pwed an incipient deliquescence of the sodium nitrate." [This 

lild be obviale<i by using the potassium nitrate. — M. E.] 

" The following trials were made to determine the degree of 

igitiveness of forcite to the rough treatment it might receive 

arried in the engineer trains of an army in the field ; — 

" Half a pound of forcite gelatine was lashed to a board and 

fired at with a Springfield rifle at twenty yards' range. The 

first shot grazed the cartridge without effect ; but the second 

caused a loud explosion, shattering the board. The same test 

was applied to No. i with a like result. Hence forcite cannot 

be regarded as safe when exposed to musketry fire. A small 

quantity ignited by a match blazes with a hot flame, but does 

not explode. No trials were made with large amounts, but the 

usual dangerous result may be anticipated." [.\n addition of 

camphor ought to obviate this defect^— M. T,.] 

" The following trials were made to determine the sensitive- 
ness of forcite to shocks of neighbouring mines transmitted 
through the water, a very important matter in submarine 
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** The primary charges each consisted of one pound of dyna- 
mite, No. I, submerged 5 feet in water 16 feet deep. The 
secondary charges each consisted of half or three-quarters of a 
pound of forcite wrapped in thin rubber cloth. The following 
results were obtained : — 

^^ Forcite- Gelatine, — The secondary charges failed at 10 feet, 
8 feet, 7 feet, and 6^ feet At 6 feet one charge failed and three 
charges probably exploded. At 5 feet one charge certainly 
exploded. 

^^ Forcite^ No. i. — The secondary charges failed at 20 feet, 
14 feet, 10 feet, 8 feet, 6 feet, 5 feet, and 4 feet (2 trials). At 
3 feet, one charge certainly, and another probably, exploded. 

" These experiments prove that the higher grade is the more 
liable to sympathetic explosion, but that both are far less sen- 
sitive than dynamite No. i, which under like conditions explodes 
at about 20 feet In fine, these investigations indicate that 
forcite, now for sale in our market, must be classed as one of 
the explosives worthy of serious consideration when it becomes 
necessary to defend our coast with submarine mines. Its 
great strength is fully established; its permanency for long 
periods of time remains to be studied. 

" Assuming dynamite No. i as the standard, and giving it the 
value of 100, the different grades, as fired under water, gave in 
a horizontal plane through the charge the following relative 
intensity : — 

Forcite gelatine 95% nitro-glycerine =133 intensity. 

.» No. I 75% „ „ 124 

.» No. 3 40% 

„ No. 3 A. . . . . 30% „ 

Dynamite 75% 

Explosive gelatine from Glasgow 93^ 

Compressed gun-cotton 87 ,, 

Pure nitro-glycerine 81 ,, 

" From the above we see that : — 

' I. Pure nitro-glycerine does not give great intensity when 
inder water. 
'Tie opinion that the value of a dynamite is proportionate 



»» 95 », 

I* 88 ., 
,» 100 

142 „ 
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f the percentage of oitro-glycerine the same contains is erro- 
neous, at least for submarine mining. 

" 3. The addition of an estpiosive base increases enonnously 
the value of a dynamite." 

Atlas Powder is a fonn of dynamite which has a rather 
unenviable reputation in England, due to its having been the 
CKpiosive used in the outrages which were committed in 
London a few years ago by the so-called dynamiters. It is 
manufactured at the Repauno Chemical Works, near Phila- 
^^elphia, and it is a composition of nitro-glycerine, wood fibre, 
^^MjU] nitrate of soda, with z to 5 per cent, of carbonate of mag- 
^^Bsia. Seven grades of it are made, containing from 20 to 
^^5 F*r '^c"'- of nitro-glycerine. They are lignum dynamites- 
Gelatine Dynamite consists of a thin blasting gelatine 
ixed with other substances, such as nitrate of potash and wood 
Tliere are two grades manufactured in England, one 
ntaining 80 and the other 60 per cent, of nitro-glycerine. 
Bie great advantage of the plastic dynamites like gelatine 
lamite, and also of forcite, is that they can remain in water 
ilthout being aiTected or losing their strength. 

I' Glukodine (as described by Major Cundill") is a whitish 
tquid produced by the nitration of a saturated solution of cane 
sugar in glycerine. Free sugar dissolves in it, and it is soluble 
in ether. Two sorts of glukodine powder are made, while and 
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Samples of it showed the following composition : — 

White, Block, 

Matter soluble in ether (glukodine) . 36'40 . . 34'24 

Free sugar ......■-. 8-40 . . 8-76 

Sodaialls (nioslly nitinle) . . . ;^i-20 . 37 '84 

Nitto-ccllulose 23 '3^ 

and charcoal .... — 



Another analysis of the same samples showed that the 
glatcodioe in the white powder consisted of 33 '19 parts of 
nitro-glycerine to 3*21 parts of nitro-saccharose, and in the 
• In his ' Dictionary of Explosives.' 
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black powder of 30-23 and 4-03 parts of the same iogredients 
respectively. Subsequent experiments appeared to show that 
glukodine was simply a meclianical mixture of those ingredients, 
as the nitro-glycerine could be readily evaporated off from the 
nitro-saccharose. 

American Hercules Powder. — This is identical 
Nitro-Magnite, as magnesia alba (or carbonate of magnesia) is' 
used as the absorbent. It is manufactured on a very large 
scale in America, and I have usually heard the miners speak' 
very favourably of it, cliiming that the fumes were not so bad 
as from other dynamites. The reason of this I ascribe to 
the presence of the alkaline absorbent, which, in exploding, 
gives off explosion gises in which no carbonic oxide is present, 



and possibly the nitrogen also may 1 
which do not affect ihe organism, 
follows : — 

Carbonate of mngnesla 
Nitrate of potash . . 
Cblorale of potash 



into combinatioc 
Its composition is 



\ 



White sugar 
Nilro-elytei 



75*0 



Judson Powder differs from dynamite, as in the 1 
the nitro-glycerine is absorbed, whereas the principle of ihft 
Judson powder is to render the oxidising salts (nitrates) ntm^ 
absorbent, by coating them with a varnish of hydrocarbon^, 
which on hardening renders the granules non-absorbent, an^l 
also non-hygroscopic. To the "dope" so prepared 10 percent, 
of coarsely-ground anthracite is added, and to this mixture 
5 per cent, or 6 per cent, of nitro-glycerine is added, formiiy 
a coating or film over the granules, which renders the dop« 
explosive. This explosive has met with great success i 
America, it being very cheap and more powerful than th 
common mining powder. 

Paleine or Straw Dynamite is a mixture of nitro 
cellulose, made from straw with nitro-glycerine j it is manu- 
ihctured in S.irdinia and Belgium. 



^■m-, 
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■ Trautzl'B Dynamite is a mixture of nitro-glycerine ami 
guQ-cotton pulp, consisting of 

Nilro-elj-tprioe 75 P"'* 



fe^.u^-collou ^3 „ 
Chiirtoal 2 „ 
3arbo-dynaitiite. — Carbo-dynamite is a recent British 
ention which owes its origin to Messrs. W. D. Uorland and 
W. F. Reid. The base is nitro-glycerine, and the absorbent 
is carbon. It is as cheap as ordinary dynamite, and is 
alleged to possess several advantages over it For example, 
il has much greater explosive force, seeing that 50 per cenl. of 
the compound is pure nitro-glycerine, and that tlie absorbent 
itself is highly combustible. In addition, it is claimed that, 
when the dynamite is wet, no exudation of nitro-glycerine 
lakes place from the absorbent. It is even declared that some 
carbo-dynamite which had lain for eiglit months in water pre- 
sented at the end of that period the same appearance as 
when first immersed, and had suffered no deterioration of its 
explosive qualities. 

SmolianinofT Explosive. — The Smolianinoff explosive, 
which also has been experimented with (in America) of late, 
consists of 80 per cent, of nitro-glycerine combined with a 
certain fluid, the nature of which is a secret 

It was used as a bursting charge for shells, and seems to 
withstand the shock produced by heavy gunpowder charges 
when fired from guns. A loo-pounder Parrott gun was em- 
ployed, and three shells were fired, the first two weighing 
89 lb., and carrying 4 ■ 6 lb. of Smolianinoff explosive, and the 
third weighing 82 lb., and having a 4 ■ i lb. bursting charge. 
The firing charge in each case was t8 lb. of Dupoat powder, 
the range was loi yards, and the muzzle velocity was about 
1490 feet. The first shell was not fused. It struck the target 
and broke up with a low explosion, doing only superficial 
damage. The second shell was fitted with a detonating per- 
cussion fuze. It struck the target, exploded with much more 
force than had been developed by the ucfused shell, did «nae 
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surface damage, and batlly injured the target's foundations. 
The third shell produced much the same results. No damage 
was done to the gun, ami the weakness of the cast-iron shells 
which were used, as well as the shape of the heads, which 
were suitable only for a nose fuze, were held to be mainly 
responsible for the unsatisfactory nature of the experiments. 
* These, we hear from other sources, are to be repeated under 
more favourable conditions. 

Snyder Explosive. — The Snyder explosive has recently 
been tested in Turkey as a bursting charge for shells, with v 
successful results. It consists of 94 per cent, of nitro-glyceriiM 
and 6 percent, of a compound of collodion, gun-cotton, campho^ 
and ether ; and it is exploded by mere percussion against s 
hard body. It is, nevertheless, said to be safe to handlt 
The gun employed was a 6-inch rifled piece. The targe 
220 yards away, was composed of twelve i-inch steel plate 
welded together and backed with 12-inch and 14-inch oake 
beams. It measured 14^ feet by 4J feet, and weighed mon 
than zo tons. The charge of Snyder explosive was 
The target was utterly destroyed at the first shot, and 1 
other shots were fired without accident of any kind. Expeoi 
ments have also been made with this explosive f 
countries, by firing it from a gun as a bursting charge for shells 
The explosive is the invendoQ of Mr. F. H. A. Snyder, 1 
New York, and appears to have an important future. 

Von Dahmen'a Safety Dynamite. - — According 1 
reports recently published, Baron von Dahmen, a Germ: 
scientist, has discovered the means of preventing nitro-glyceriiM 
compounds from being affected by a- low temperature, as 
already at 40^ F. a congelation of the oil takes place (see 
page 24), and of rendering all classes and grades of dynamite 
non sensitive to the initial explosion of the detonators, 
dispensing with the troublesome and dangerous operation 
thawing. 

I am not aware what means Baron von Dahmen empit 
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( prevent the congelation of the nitro-glycerine, but if this 
iiiscovcty ia a. true oae it will be of threat importance, especially 
for northern cuunCries, and even those lying within the tem- 
l>eralc zone. I see no reason wliy some substance shoulil 
not be inlroduceJ which, when blended with the nitro- 
glycerine, would change the character uf the Inltcr, remlerin^ 
it Icsa sensitive to cold, without affecting its other valuable 
properties. 

It Ls stated that when Von Dahincn's dynamite is IcH: in 
an ice machine for twenty-four hours, exposed to a freciiing 
temjiemture, it niainuins not only its plasticity but also ex- 
ploiles readily, whereas ordinary dynamite submitted to similar 
conditions fdied to explode, even with triple force detonators. 
Sucli an invention, if praclically demonstrated, will ceri.iinly 
meet with great favour among all classes of miners and 
bbutcra, who arc fully aware of the great chapter of acndt-nts 
resulting from the thawing operation, and the mitny " miss 
shots " from frozen dynamite. 

OlaasiflDatlon of DynamiteB.— -From the above enume- 
ration of the many compounds which have been brought before 
the public, it will have been seen that in nearly all of tlicra the 
nitro-glycerinc is mixed with or absorbed by an active base, or 
"dope," as the Americans style it; and for this reason Lhe 
dynamites may be divided into two groui>s : — 

I. Dynamites with an inert base, such as kicselgiihr, which 
acts merely as an absorbent for the liquid nitro-glycerine. 
This was Nobel's ori{j;inal invention. 

3. Dynamites witli an active — i.e., a combustible or explosive 
—base. 
■ The idea of substituting an active base which in itself is a 

Babustible — or, in the sense of the Explosives Act, an 
BVXplosivc" pr0|icr--in lieu of the inert Itieselgiihr, is un 
dlent one : the strength of the explosive Itself is increased 

f rendering the absorbent matter explosive, and a more 
xt combustion is insured when the charge is fired, 

ifd/tir Ctitiiliii, besides adopting the classification just indi- 
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caterl, hai made a subdmsios of group i into ihree i 
dawtes — viz^ those whicb contain as a base, 
a. Charcoal. 

t. Ganpowder, or other nitrate or chlorate mutores, 
/; Oao-coaon, ot other nitro-componnds. 

He abo gives * the folfowiog rough-aad-ready tests for 
taamd whether a given substance coatains tutn>|^ceniie 

" If a \ii\u\d is oozing out or can be sqaeezed out from tlA 
mh^unce, pot the drop on to blotting-paper. If this is nitiax 
f^jrtiiae it will make a greasy stain. Dot disappearing a 
(hyinsf away ; struck with a hammer on iron a loud report will 
be beard ; lit and burnt, it will give a crackling sonnd and a!. 
greenish flame. If gradually heated by a Same undeniead^ 
H wilt give a sharp report 

" Ag^n, put a portion of the substance into a test tube a 
ihake it np with melhylic alcohol (wood spirit), fiist : 
tatning that the spirit poured into water causes no turbidity 6 
milky appearance. Filter the contents of the tube inn 
Mother tube, and add pure water to the laner. If nitn>< 
ftlj^erine i* present, a milky appearance will be produced, aodj 
the heavy liquid will eventually settle at the bottom of the tube: 

*• A much mote delicate test is to use aniline and concen^ 
trated Ruphuric acid as re-agents. In the presence of nloo! 
glycerine a purple colour is produced, which changes to green 
on the addition of water, 

" Nitro-glycerine explosives, unless carefully made from j 
ingredients, are apt to decompose spontaneously. An] 
indi':ation of add fumes, or any tinge of green in them, shoulil 
be followed by their prompt destruction, with suitable pre- 



Foroite Powder Works.— The following description of 
these works {which are previously referred to in this chapter) 
appeared in the Mining HertM and Colliery Engineer 
Philadelphia (March 1884) :— 
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AMERICAN FORCITE WORKS. S' 

'' The works of the American Forcite PowOer Manufacturing 
Company, at Lake Hopatkong, Morris county, New Jersey, are 
comiileted, and the manufacture of explosives has commenced. 
The works are the most extensive in the country, numbering 
upwards of forty buildings, covering an area of several acres, 
heavily wooded. The narrow gauge railroad which connects 
them is nearly a mile in length. The buildings where the powder 
manufacturing is to be done are situated from too to 200 feet 
apart, and placed in excavations in the side hills, so th^t only 
one side is exposed. All iliese buildings are lined, ceiled, 
heated by steam, and furnished with water. The building 
containing the machinery is 84 X 44 feet, and is divided into 
four fire-proof compartments. Embraced in the very excellent 
machinery plant is an IngersoU duplex air compressor. The 
glycerine converting house is a three-story frame building 
32 X 32 feet The converter is in the third story, the separating 
tanks and washing tanks are on the lower floors. The spent 
acid flows through leaden pipes to the acid house, where it is 
regenerated and forced back to the converting house, 900 feet 
away, by means of compressed air. The acid regaining factory 
is a brick building 25 X 05 feet, and contains four large 
retort.s and condensing towers for regenerating the spent acids. 
" The nitro-glycerine is carried from the converting house to 
the mixing houses, by gravity, through large indianibber pipes, 
well protected and laid under ground. After passing the two 
mixing houses, through a cut in the hill are reached tliree 
buildings where the forcite is modelled into cartridges by 
machines which are run by compressed air, and the power is 
transmitted to the other buildings with wire ropes ; then come 
two packing houses where the cartridges are boxed, and then 
two raagazines which are built in excavations in the bill, so 
that the roofs are below the surface of the ground. The 
structures are of brick with roofs of corrugated iron. This 
roof forms a lightning conductor, and has rods leading from 
the four comers into the ground, as in the Belgian Government 
magazines. A system of ventilation, through hollow bricks, 
*r to enter at the bottom and esca.pe aX \i\e Iqt^. 
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A reservoir, capable of furnishing 60,000 gallons of water 
daily, is connected with the works, ferl from an artesian well 
giving water ai 8" Ceisius. The concern has a capacity of 
six tons of powder per day, and, beginning with a force of 
50 men, it is expected soon to increase Che same to 100. 

" These works have been erected under the personal super- 
vision of Mr, M, Eissler, the manager, who has had a large 
espertence in the manufacture of powder in California, anrl 
who has combined the experience and practice of the largest 
powder manufacturers of the world in the new works." 



Belgian Poroito WorkB. — The annexed plate (Fig. 8) 
shows the plan of the Belgian forcite works at Baelen-sur-Nethe. 
All dangerous buildings are surrounded by strong parapets, 
forming a perfect protection in case of accident, anO to 
localise any explosion which may occur in any one building. 
It is a model fiictory, provided with all modern appliances 
for making safely and easily two tons of forcite per day. In 
the plan — 

E, E', ate stoiehouses for ihe nw material. 
V, c&rpcntcc's bhop and laborntory. 
(j, machine house. 

II, legeneialJDg appaiatus tat l[u.- spent sliiN. 
I, chimney. 
K, K'l pEicking houses. 
L, L', l."i L'", cartridge houses. 

M, M, nilro-glyceiinc washing nppaiatus. 
N, N', „ „ ticlories. 

O, O', O', mixing houses. 
P, P*, P", P'", powder mngniioes. 
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EajLLIES. EJcperxmeats — Results of Sir F. AbeTs Reseazcbes — ytBodassmKC 
of Gtm-cottxn rendered Harmless — Dflirtgrf ami Uodiliited Gmk-cottcai 
— Wet Gvnrcoctoa for Mi&carr Ptxrposes — CompresRd Gim-cottoQ or 
Submarine Mining — Tra a am a Mon. at DetDoacsoiL m Water — TiaasoiB- 
3sjasi of Detooatioa titzoo^ Air. 

Since the introdnctioii and speedr abondooment in Austiia, 
aboat twenty-three years ago. of gnn-cottoo arranged in 
the form of compactly wound thread (Von Lenk^'s system), 
as an explosive agent fcnr field grms^ attempts to use it as 
a sabstitute for gunpowder for artillery have been limited to 
experiments conducted at Woolwich in 1867 and 1868 with 
cannon cartridges of compressed gmi-cotton. Considerable 
progrer^s was matie at that time towards the production of a 
thoroughly safe cartridge for field guns, but the experiments 
were saspended when much evidendy r^nained to be accom- 
plished before the requisite uniformity of action could have 
been secured. The difficulties since encountered in moderating 
and regulating the explosive force of gtmpowder, when em- 
ployed in very large charges, have shown how remote is the 
prospect of successfully appljdng explosive agents of greater 
violence to artillery, excepting in the smallest calibres. Success 
has on many occasions attended the employment, in small 
arms, of explosive agents differing considerably in character 
from each other, but all of them more rapidly explosive, and 
therefore more violent, than gunpowder. The chief advan- 
tngc» claimed, and more or less established, for some of them 
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over gunpowder were the production of comparatively little 
or no smoke, the reduction of fouling, and increased projectile 
power, with the employment of comparatively small charges.* 

The first attempts lo apply gun-cotton in small arms, soon 
after its discovery in 1846, were disastrous in their results ; and 
the success which, long afterwards, was believed to have been 
achieved by Von Lenk's indefatigable labours in this direction, 
was not confirmed by experience. Several methods of reducing 
the rapidity and increasing the imiforraity of action of gun- 
cotton in small arms have since been experimented with in 
England. Some of these, which consisted in the uniform dilu- 
tion of gun-cotton, either with ordinary cotton or with the less 
explosive varieties of the material, have furnished tolerably 
efficient cartridges for sporting purposes ; but the only direction 
in which substantial prospect of success has hitherto attended 
the employment of gun-cotton in arms of precision has been 
that of converting the very finely divided substance into pellets 
or grains, of which the rapidity of explosion has been retarded 
by their uniform impregnation with small quantities of some 
perfectly inert material, each small particle of gun-cotton 
being enveloped and separated from those surrounding it by a 
film of non-explosive substance (e.g: paraffin, stearine, or 
caoutchouc). 

Von Lenk's persevering efforts to improve the manufacture 
and devise methods of ajiplication of gun-cotton, though in 
themselves not crowned with any permanent success, have 
contributed considerably to secure an unassailable position for 
that material as a valuable and safe explosive agent, by 
leading to its systematic study in England, and the consequent 

ivelopment of its manufacture, and the discovery of its 
it valuable properties. 



I hare beea infarmed lately on good authority that the Frenct) 

Govenunenl are using a powder in. their Lebel rifle, which proved, at a 

trial where five cadavres (corpses) were phu:ed at certa:n di^lances one 

behind ll>e oLber, ttiat the bullets passed througti the five bodies when lired 

from A distance of 400 metres. Such results, no doubt, will ullimalcly 

to the ubaniloiimenl of gunpowder in sraa.ll arms. 



I 



56 ArPLICATIONS OF GL'N-COTTON. 

Result of Sir F. Abel's Researches. — It is especialljf 
through the persev^ing efforts, and the results of analytical 
and synthetical researches of Str Frederick Abel, that gun-cotton 
iws taken rank as the modera explosive par excdlaue for wa"^^ 
purposes, and also for special tmiuDg work. 

Pure gun<otton has the formula C, — ^- \ O.. Sir Fredt 

rick Abel found that the instability of gun-cotton, : 
fnclured by Von Leak's process, arose from imperfect puritica 
lion, and the presence of minute quantities of foreign substances 
(susceptible of removal by searching purification) of compara- 
tively unsfible character, produced by the action of nitric acid 
u|>on resinous and fatty substances letained by the cotton 
fibre. 

The practical trials made, for the English Government, of 
gun-cotton in the different forms proposed by Von Lenk foE 
employment in artillery, shells, small arms, and mines, and 
Abel's investigations on the influence of the mechanical con- 
dition of gun-cotton upon the rate of its explosion under di& 
ferent circumstances, proved that the control believed to have; 
been obtained by Von link's s)'stem of preparation, ( 
explosive power of gun-cotton, was very limited ; and that, 
while it was indispensable to the development of its full expio? 
sive force, that it should be vcrj- strongly confined, even th* 
most compact arrangement of the gun-cotton fibres, composing 
a cartridge to be use.d in a cannon or small arm, did not 
impede the almost instantaneous penetration of the heate(| 
gases (produced by the first ignition throughout the mass), and 
could therefore not be at all reUed upon to reduce the rapidi^ 
of explosion of gun-cotton when ignited in a nearly closed 
chamber, as in the bore of a gun. 

The system of manufacture devised by Sir Frederick Abd, 
which assimilated gun-cotton in its mechanical condition tO> 
gunpowder, the finely divided material being converted by? 
pressure into uniforasly compact masses of any convenien 
form, led, as already |)ointed out, to a great advance in the sal 
and efficient application of the substance to small arms, anci 
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"■was also productive of results in the application of gun-cotton 
for filling of shells. 

Its development into a manufacturing process resulted in 
very important improvements in the directions of economy, 
facility and rapidity of production, and had the effect of con- 
siderably raising the standard of purity of the material. 

The cheapest description of cotton (machinery waste) 
became available as a source of gun-cotton, and the reduction 
of the fibre to a fine state of division greatly facilitated the 
application of very searching purifying processes. 

Maniifaotnre of Gan-cotton rendered harmleBs. 
— ^The manufacturing operations became absolutely safe 
throughout, as even the conversion of the finished product into 
the compressed masses of the various forms in which it receives 
application is carried out with the material in a wet, and there- 
fore perfectly non-inflammable, state. How harmless the 
manufacture of gun-cotton is considered, it is sufficient to state 
thai the Stowmarket factory lies within the town limits, and is 
surrounded by dwelling-houses. 

The minute state of division of the gun-cotton also permits 
of its being readily and intimately mixed with substances of a 
nature calculated to moderate the rapidity and violence of its 
explosion, or with the full proportions of oxidising salts required 
for the attainment of the maximum amount of work from the 
carbon of the cellulose. 

Lastly, the conversion of gun-cotton into homogeneous highly 
compressed masses has resulted, as will presently be seen, in the 
establishment of other most valuable and previously unsus- 
pected properties of gun-cotton. 

The only, though very serious check which the development 
of gim-cotton has experienced in England, namely the severe 
explosion which occurred at the manufactory of Messrs. Prentice, 
at Siowmarketj in i87r, has been productive of beneficial re- 
sults; firstly, because a very searching inquiry, instituted by the 
Government, into the cause of that explosion demonstrated 

X it was quite unconnected with any defect in tKc 5\a!oili\:j Q^ 
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the material when pmiSed according to tbe present system 
and, secondly, becanse the nolent erosion of a consideiabli^^ 
Store of compressed gtm-coiton. wtudi in small quantities onl^ ^ 
bttins rapidly, even when moderaidy confined, led to an inve^^ 

tigation of the conditions attending violent explosion coi 

sequent npon the accidenial tgoition of gan-cotton stores. 

Dilated and Undiluted Gun-cotton. — Sir Frederj^ru 
Abel\\as also investigated the influence of dilution by solicJs 
and liquids on the susceptibility of explosive compound.^ 
generaJIy, to detonation, and has demonstrated that, if a finely 
divided solid explosive body, such as gun-cotton, be diluted 
with a solid inert substance, soiuble in water, and the niixtuit 
be compressed into compact masses with the aid of water, I 
is obtained in a condition of greater rigidity (by the cryst^ 
lisation of the soluble diluent), and therefore in a form mori 
susceptible to the detonating effect of a small fultninati 
charge, than when the undiluted explosive by itself is ve^ 
highly compressed, because the particles of the liard mas 
oppose greater resbtance to the force developed by detonatitM 
The reduction of activeness due to even considerable dilutiol 
is consequently almost counterbalanced by tbe greater rigtdll| 
of the mass ; and, if in the case of gun-cotton the diluent be i 
soluble oxidising agent (such as saltpetre), the predispositiol 
to chemical reaction between the two substances operates,!' 
conjunction with the effects of the crystallised salt, in impart" 
rigidity to the compressed raass, and the latter is consequent 
quite as sensitive to detonation as tl)ough It consisted only o 
gun-cotton. If this substance is diluted with a liquid, its sen 
sitiveness to detonation is very greaily reduced ; thus a coe 
aiderably increased amount of mercuric fulminate is required ti 
detonate gun-cotton containing lo to 15 per cent of water, A 
will be shown hereafter, 

Wet Gun-cotton for Military Fnrpoaea. — The readi 
ness and certainty with wliith wet gun-cotton may be appliei 
to the various operations hitherto carried out with dry gun* 
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cotton, or with nitro-glycerine preparations, have been de- 
monstrated by numerous explosive experiments, and there is 
no question that for all military purposes a most important 
advantage in point of safety and simplicity has been gained, as 
the stores of this explosive agent may not only be kept in an 
absolutely uninflammable condition, but may be issued in that 
state for actual use. Thus the requisite material for the rapid 
destruction of bridges, stockades, or fortifications,* may be 
carried out with an army in the field without any risk of acci- 
dent. Experiments whicb have been carried out by- the 
Austrian artillery and engineer committees, and by the Govern- 
ment committee on gun-cotton in England, have shown that, 
if ammunition wagons containing packages of dynamite are 
fired into from military rifles, even from a distance of looo 
paces, explosion invariably results ; dry compressed gun-cotton 
under the same conditions is frequently inflamed by the pene- 
trarion of a bullet fired from a much shorter distance, but is 
never exploded, while wet gun-coiton in a condition ready for 
service cannot possibly be ignited by the same means, even at 
the shortest ranges, 

CompresBed Gun-cotton for Submarine Mining.— 

The apphcation of compressed gun-cotton to submarine mines 
has been made the subject of extensive experiment in England ; 
and the comparative force exerted at various distances and 
depths of iromersion, by large and small quantities of that 
material, confined in various ways, as well as of dynamite 
and other explosive agents, has been examined by means of 
the so-called crusher gauges, which have been applied to the 
measurement of the pressures exerted by exploding gunpowder. 
Many results of interest and importance have been obtained, of 
which it may be mentioned that dry compressed gun-cotton and 
JJobel's dynamite prove to be on an equality with each other.t 

for Military 




6o 



APPLICATIONS OF GUN-COTTON. 



but that very decidedly greater effects were obtiuned by 
employing gun-cotton saturated with water, when dosely but 
not strongly confined round an initiative charge of dry gun- 
cotton. Another important observation made in these investi- 
gations is that, provided the wet gun-cotton closely surrounds 
the detonator of dry gun-cotton, any small spaces between 
them and between the individual masses comprising a chai^, 
may be filled with water without in any way interfering with 
the transmission of detonation throughout, or with the attain- 
ment of the maximum of destructive effect Thus results, 
ftiUy equal to the highest ever obtained by the explosion of 
gun-cotton in strong metal cases under water, have been fiir- 
nished by charges which were simply held together by means 
of an ordinary fishing-net 

TransmisBlon of Detonation in Water. — In examin- 
ing into the power of water to transmit the force developed 
by detonation, Abel was led to make experiments of a novel 
character in hollow projectiles, which have furnished results (rf 
considerable interest, and have been shown, by experiments 
carried on at Okehampton, near Dartmoor, to possess great 
practical value. If only a small piece from 0*25 to i oz. 
of compressed gun-cotton be exploded, by means of a deto- 
nator, in the interior of a shell which is filled up completely J 
with water, and closed, the force developed is so suddenly and! 
uniformly transmitted in all directions that the thick holloi 
sphere or cylinder is broken up into seven or fourteen timeS'l 
the number of fragments produced by filling the shell coro^l 
pletely with gunpowder or a more violent explosive agent (thafi] 
is, from 30 to 60 times the weight of the gun-cotton used);! 
In this simple way a hollow projectUe of ordinary constructioAj 
may be made to exerajse the functions of a shrapnel shdl 
Detonations less sudden than those obtained with the e 
cylinder of compressed gun-cotton produced much inferiot 
results, although considerably larger quantities of the explosive 
Tcre used. Again, by filling a shell completely with a mixtu 
vater and finely-divided gun-cotton, and detonating in 
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charge of i^ or 2 oz. of dry gun-cotton, the shell being tightly 
closed, the resistance Disposed at the first instant, by the 
strongly confined mixture of solid and liquid, to the force 
developed, being similar to that offered by a powerful solid 
body, tlie small particles of gun-cotton, though enveloped in 
and separated from each other by water, are in a position 
favourable to detonation, and hence a mixture absolutely harm- 
less under all ordinary circumstances becomes a most formid- 
able exploding agent in shells. The difficulty of employing 
gun-cotton in hollow projectiles, arising out of the liability of 
their premature explosion by the concussion to which they are 
subject on firing the guns (and which has been found to apply 
equally to dynamite), appears thus to have been satisfactorily 



TranamiBBion of Detonation through Air. — This also 
has been made a subject of investigation by Sir Frederick 
Abel, following up some interesting results on the transmission 
of detonation through tubes which had been obtained by 
Trauzl with dynamite, and by Champion and Pellet with iodide 
of nitrogen. 

He has traced to very simple causes some remarkable dif- 
ferences in the apparent power of tubes of different kinds to 
transmit detonation, and has furnished several demonstrations 
of the influence of the volume and quality of a detonation upon 
the results obtained. He has also proved, by small and large 
experiments, that the explosion of a substance may be brought 
about as a phenomenon distinct from that of its detonation, in 
regard both to the conditions to be fulfilled for its development 
and the mechanical effects produced by it Lastly, he has 
successfully applied a Noble's electric chronoscope to the 
determination of tlie velocity with which detonation is trans- 
mitted along a continuous mass fir a row of distinct masses 
(either touching each other or spaced) of compressed gun- 
cotton, of dynamite and nitro-glycerine. Trains or rows of the 
materials, varying between 24 and 50 feet in length, 

iployed, and the records of the rate of progress of detonation 
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;•! different parts of the train were generally remarkably 
nijiforrii, being mostly quite as high at the termination as at 
tin* t oiniiicncemcnt of the line of explosive materiaL The 
vi'l(x.ity with which detonation is transmitted along continuous 
row> of gun-<:otton sbbs or cylinders ranged from 17,000 to 
'ji'j/yjo feet per second, varyini^ with the extent of contact 
b'rtwccn the individual masses employed, and with their density 
Of i oinprictncss, but being unaffected by their form or by veiy 
' on.idrrablc variations in their weight The compressed 
inixliircH of ^un-cotton and saltpetre (nitrated gun-cotton) did 
ri<;i, .'Mi might have been anticipated, transmit detonation as 
r;i|;idly ;is pure gun-cotton ; but the velocity of transmission of 
dyn.'irnilr w.is somewhat more rapid, ranging between 19,500 and 
i/i,Vyo Irrt per second. It was remarked, however, that while 
!h' inirrvi'Mlion of spaces of 0*5 inch, and even more, between 
111* ifjdividii.'d pieces of a row of compressed gun-cotton masses 
n\ ;i p;iriM iil.ir weight did not, or only very slightly, affect the 
i.\\f ;ii which (hilonation was transmitted, a similar spacing of 
rni'.M'i ol ( orresjx^nding weight of dynamite had the effect of 
\t i\\\t \\\\[ the velocity of its detonation to less than one-third 
ih.ii ol the velocity ol)scrved with a continuous row of cart- 
//'lj;<„ 'Ihis rcsidt of unconfined nitro-glycerine itself was 
.1.' iihiililr to the j)hysical peculiarities of the substances. Com- 
)/;« '. .rd yww ( otion saturated with water transmitted detonation 
wiih dr(iih(jly greater velocity than the air-dried material, a 
M Mih whi( h is in accordance with the greater sharpness or 
viohiirc ol adion observed in practical experiments with the 
w«i niaicii.d, and is due to its increased rigidity at the moment 
ol If ) «xpo:iure to the force of detonation, consequent upon the 
M|,|;i(rinctit of air in the pores by the comparatively incom- 
pH'.'uhh' ii(iiiid. In iron tubes containing small charges of 
/.Mill i ottoti sejKir.ited by intervals of 2 and 3 feet, the detona- 
iion w.if. tr.iiiKinitted, from the initiative explosion to the first 
« h.ii/.',r, at a ratt! of about 12,000 feet, but after that it travelled 
iKfiii i ha !>',(! to charge only at an average rate of about 6000 
left per .'lecond. 



CHAPTER VII. 

MANUFACTUHE OF GUN-COTTON. 

of the Process^ — Cun-colton diitinguisbeiJ from Collodion -co I IcM 
:m an Ether of Nitric Aci'l— MniiufacLurc of Gun-collon at 
Lp Bouchet— Manufnclure at Wnllham Al>bcy. 

IK nitric acid used in the manufacture of gun-cotton is 
I '45 to I '50 sp. gr., and must be perfectly pure^that 
free from chlorine — because an acid containing the 
ter substance produces a less effective gun-cotton. It is 
o of great importance that the nitric add be of the greatest 
eagth. 

In the production of gun-cotton large quantities of water 
: formed, and hence if nitric acid alone were used it would 
>n become so diluted as to be unable to produce gun-cotton, 
t in its stead the less explosive collodion-cotton. For that 
ison Schonbein and Boitger used a mixture of nitric and 
iphuric acids. Thus the nitric acid remained during the 
acess in a tolerably concentrated condition, the water formed 
ring the reaction being absorbed by the sulphuric acid. 
iglish sulphuric acid of i -85 sp. gr. is used. 
Heating of the acid mixture is to be avoided, because 
lierwise products are formed similar to those formed by the 
ontaneous decomposition which sometimes occurs after long 
ars of storage. The resulting product is not then explosive. 
The gun-coiton, when formed, must be most carefully freed 
washing from the still adhering acids. If not so freed, it 
11 be liable to spontaneous decomposition or explosion. In 
rmer years this important point was often neglected, and the 
9ult was the explosion of several factories. 
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The drying of the perfeelly washed gun-cotton is now the 
most dangerous part of the whole process of maonfaivture ; 
it must be done with the greatest caution, and ihe temperature 
should not rise above 50' to 60' C. 

In a well-managed factory. 100 parts of cotton yield from 
155 to 175 parts of gun-cotton. Theoretically the yield 
should be about 185 pans. The following are some of the 
lesulis obtained with 100 parts of cotton: — 

re1ouzF{lS48) 16810170 

Sdimidl and Heckn {1S4SI 169-0 

Van Kcrckhoff and Reulcr (1849) .... 176-2 

W. Crum(l8so) 178-0 

KcdtenbacliD, Sctattct and Sdmridec (1S64) . 178*0 

Oon-cotton diBtingttisIied &oni Collodion-cotton. ~ 

Explosive gun-cotton is easily distinguished from collodior"^' 
cotton by its insolubility in alcoholic ether. It is shown bji^ 
experiments, the results of which are given in the table beloiP 
that it is necessary in practice to avoid a dilution of the aciC 
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Add MUlLirc. 


■^::^! 


Nopsraof 
pirticoium. 


..^.^„^ 


,&|m1 port! of Nitric uid) 

I'^ph'uric Adds . . .; 

Do. 

Do. 
Do. 
Do. 
Do. 




1770 
,76-0 

171-7 
1664 
.60-S 
I57-0 
140-0 


Insoluble. 

Do. 
Sicily salable. 
Entirely soluble. 

Do. 
Easily iolubli;. 
Very easily soluble. 


By an increase of the 
product obtained is lesse 


propo 
led. 


tion of wat 


er the proportion of 



Gun-cotton an Ether of Nitric Acid. -Neither gun- 
cotton nor collodion-cotton is in an exact sense a nitro- 
compound, such for example as picric acid is, but they are 
rather ethers of nitric acid. This conclusion is based upon 
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the chemical behaviour of gun-cotton with concentrated sul- 
phuric acid and alkalies. Concentrated sulphuric acid in the 
cold sets the nitric acid free from the guu-cotton, and moder- 
ately concentrated potassium or sodium lye forms slowly at 
ordinary temperature, very quickly at 60° to 80° C. from the 
gun-cotton nitrates of potassa and soda respectively. These 
chemical operations, Bockmann claims, can be dearly 
accounted for only on the assumption that gun-cotton is an 
ether of nitric acid. Nitro-glycerine also gives by treatment 
with potassium or sodium lye the corresponding nitro-salt and 
glycerine, and therefore it also is an ether of nitric acid 

Calloxyline, or collodion-cotton, will be discussed further 
on (p. 95). 

Many changes and improvements have been made in the 
course of time in the manufacture of gun-cotton. Here it will 
be sufficient to give in some detail two illustrative examples of 
the process— namely, the course of manufacture at Le Bouchet 
and Waltham Abbey respectively. 

Manufacture of Gun-cotton at Le Bouchet.— At 
I.e Bouchet, gun-cotton was made in the following manner. 
Two hundred grams of cotton were steeped for an hour in 
two litres of a mixture of one volume of concentrated nitric 
acid and two volumes of concentrated sulphuric acid. Then 
the cotton was taken out and pressed, whereby seven-tenths of 
the mixture was recovered j after this it was washed for one 
to one-and-half hour in running water; strongly pressed again ; 
allowed to lie for twenty-four hours in wood-ash lye ; then 
well washed in running water ; then pressed and finally dried 
on a wide linen sheet through which was forced air heated 
to 60° C. The average yield from 100 parts of cotton was 
165 parts of gun-cotton. The strong pressings of the gun- 
cotton while still impregnated with acids caused the subsequent 
washings to be difficult and laborious. By the Lenk process 
strong pressing is entirely avoided. 

"s process has been thus described : — 
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Tlie cotton, in loosely twisted threads of various spm 
dimensions and formed into skeins of 85 grams weight, is 
hung in little hooks in a boiling potash solution of i-oi 
sp. gr. to free it from fatty substances. After the cotton hi- 
reraained in this solution for two or three minutes it is freed 
from the solution in a centrifugal machine. 

Fig. 9 represents a centrifugal drier, the invention of 
M. Fesca, It consists of an open drum a of fine meshed 
wire-work caused to revolve in the cast-iron case i i, by 
means of the bevel-wheel r li, gearing with a motive power, 
the drum making 1000 to 1500 revolutions per minute. The 




motion of the drum can be stopped hy means of the brake f, 
and regulated by the weights placed at e. The substance 
to be dried is placed in the drum, which, being set in motion, 
the liquid is by centrifiigal force driven thnaugh the sieve, the 
dry substance remaining. The action of the machine is aided 
by the cone g. 

Fig. 10 shows a machine with an inner cylinder m, and 
an outer one, both revolving in concert and driving outwardly 
the liquid to the chamber A from which it trickles through 
a discharge pipe. The wet substance is placed around the 
cone £. 

The cotton is taken from the centrifugal machine, washed 
'ith water, again whirled in the machine and thoroughly dri^ J 
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Nitric acid of at least i'48 to i'4g sp. gr., and sulphuric 
^ndof I '835 sp. gr., flow in thin streams from delivery cocks 
'•to an earthen vessel and become mixed in the proper lime 
V weight of I to 3. The mixture is allowed to cool before 
''eing used. 
Two of the skeins with 300 parts, by weight of the acid 
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^^ixture, are placed together in a cast-iron tube-like steeping 
Apparatus, gently stirred, and pressed with a shovel. 

The cotton, when completely impregnated, has a fatty 
appearance. 

When the point of saturation is attained (after a few 
minutes) the skeins are placed on gratings over 1 
and the surplus acid allowed to 
drip off. This dripping is accele- 
rated by gentle pressure on (he 
cotton. One part of cotton will 
after this process have increased 
to at least g^ parts. When about 
a kilograms of cotton have been 
steeped the acid mixture is entirely 
renewed. 

When six skeins have been prepared (which should then 
weigh about 5! kilograms) they are placed in a stone jar 
(Fig. 11) to remain from twenty to forty-eight hours. A cloth 
is pUced over the skeins and held down by a light weight, 
in order that the skeins may be kept under the impregnating 
ac id. During this lime, in which the transformation of the 
^^BttOQ into gun-cotton is completed, the jar stands in a ^kce 
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ihc temperature of which is not allowed to pass below 5° or 
above 2$" C. In winter, therefore, heating, and in sunmier 
nometimes cooling by means of running water, is necessaiy. 
During the first two to six hours the jar must be watched so 
that any possible heating may be prevented by seasonable 
cooling. After remaining in the jar for the proper length d 
time, the crude gun-cotton is freed from surplus add in the 
centrifugal machine, then washed with a large quantity ' 
water in copper washing drums and finally subjected ( 
three to six weeks to the action of running water in s 
"wool washing vessels," The gun-cotton cleaned in this way 
is treated with a boiling potash-solution of 1*02 sp. gr,, then 
whirled in the centrifugal machine, washed again with water, 
again whirled, and then dried by a heat of 25° C. in the air. 

When the last remaining acid has thus been removed the 
gun-cotton is steeped for a time in a sodium-silicate solution 
of I '073 sp. gr. When taken out it is whirled and then 
exposed to the air for three days. During that time, die 
(ilicate of soda is decomposed by the air, and an insoluble 
iilicate is precipitated on the tibres of the cotton. This is the 
M-callcd " silicate process." 

In conclusion, the product is again washed in the soft( 
possible running water, then whirled and dried, by a heat D 
35° at the most, in the open air or in a drying-n 

Direct rays of the sun are to be avoided. 

The average production after many years' experience \ 
165 to 167 parts of the explosive from 100 parts of cottot 
The gun-cotton thus made was subjected to careful tests as t* 
its structure and by means of an eprouvette as to its strength^ 
Skeins with broken threads were discarded as unfit for use. 

The above described Leak method of making gun-cotton is>' 
in its essential outlines retained in this country at Stowmarket* 
but all the improvements introduced by Sir Frederick Abtf 
'lave been added. 

.nnfacture of Gun-cotton at Waltham Abbey. 
'Ufacture of compressed gun-cotton has been actively^ 
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iTiued nt Stowmarket, nnd at the Government factory at 

jwiltham Abbey, since the commencement of 1872. The 

Mowbg is a brief outline of the process : — 

Cariitng the Cotton. — The clippings and other waste from 

<*Hon milU (of the description in general use for cleaning 

'"athinery), after purification from oil and fatty matters by 

'''eatraent with alkali, and removal of other extraneous 

■^wbstanccs, as pieces of string and rag, are passed through a 

'^^.chinc somewhat similar to a carding engine for the purpose 

**^ opening up the material, and subsequently through a cutting 




ichine to reduce it to a suitable condition for ready immersion 
& the acid. 

Drying the Cotton. — The cotton rolls thus obtained are 
^icd in a double cylinder, called a drying tube. The cotton is 
placed in the central chamber D, Fig, 13, while steam circulating 
in the surrounding jacket J, keeps the whole tube at a high 
temperature. By means of a blower attached to the pipe P, 
a blast of air enters the outside chamber at the bottom ; and 
heated as it is during its passage to the top, is led to the 
central lube and forced through the loose mass of the cotton. 
The latter is in this way rapidly robbed of its moisture, and 
when completely dried is placed in large tins and carefuUv 
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quite cold, the cotiOD is « 
each, and carried by a boy to d 
dipping vessel. 

Steeping the Cotton. — The as^^ 
tents of each boi are separately 
immersed, by small quantities at 
k a time, each pan containing a 
^ mixture of about ra gallons, 
made up of 3 volumes of sul- 
phuric acid, specific gravity I '84, 
and I volume of the strongest 
nitric acid, the whole being kept 
cool during the action by currents 
of cold water, which circulate 
round the vessel. In this mixture 
the cotton is dipped, and after it 
has been in about three minutes, 
the workman lifts it on to 3 
grating, just above the acids. 
Then, with a movable lever, he 
gently squeezes it until, roughly 

■peaking, it retains about ten times its weight of the liquid. 

In this condition it is transferred to earthenware pots (Fig, 11) 





rloaed with well-fitting lids, in which it remains for twen^ 
r hours, these pots being placed into a shallow artifici 
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f^asb, where cold water is made to circulate around ihem con- 
'inualjy. The chemical change in the cotton is now complete. 
Whirling out the Acid. — The large excess of acid which 
the cotton contains is got rid of by placing the cotton into a 
'^ntrilugal hydro-extractor, as described in Figs, 9 and 10, and 
*H« waste acids discharged from these machines are collected 
*ti the waste acid tanks, 

Washing the Cotton. — On leaving the centrifugal machine 
trie gun-cotton has to be washed — an operation which 
■"equires great care, because the acids which the gun-cotton 
Vet retains would give rise to a considerable development of 
tleat if mixed slowly with water. At such an increased tem- 




perature the gun-cotton would be decomposed, or " fired," 
il is technically called. At Stowtnarket an artificial cascade 
is made by leading a stream of water along a trough, and 
allowing it to fail from a height into the washing vessel, Fig, 15. 
Tlie gun-cotton is thrown on the falling stream, and is imme- 
diately carried deep down into the vessel, the agitation of the 
water bein^ further promoted by the workmen. In this way 
the cotton comes in contact with such a large quantity of 
water that the rise of temperature is inappreciable, and the 
pyroxyline becomes almost altogether free from acids. 

But to perfect the washing, the pyroxyline is passed through 
the centrifugal hydro- extractor, and then thrown into tanks, 
where it is subjected to the action of water for one, two, or 
three weeks, and afterwards boiled in large vats by the 
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injection of steam ; but the tempcratnie of the boiling * 
should not exceed ioo° C. The soloble impurities of imstab^H 

character, pradnced by (he aaion of the acid apon ^j 

qnandties of rednoDS and fatty substances which existed in ifc:^ 
fibre, are very effectually extracted by this treatment, and tl^rt 
gun-cotton, after a further rinsing, is then transferred to tS^, 
beating or pulping engine, of a kind ordinarily used by p3[>^^a 
makers, for preparing paper pulp ; it is technically teimeA. T 




" hollander." There it is brought into a state of fine subdi- 
vision, which is necessary for the subsequent transformation into 
a homogeneous compressed mass. Figs. i6 and r 7 represent 
respectively a section and plan of a half hollander. 

" The chief characteristics of the hollander are ; i. Speed of 
revolution of the trimming knife. 2. The box of knife e 
under the revolving cylinder. 3. The trough and revolving-.J 
cylinder. 4. The cap or partition above the trough to prevent J 
the mass being cast out when in motion. The trough C, C 
is a long oblong cistern of cast iron, stone, or wood lined widil 
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lead. The cover rests upon a partition *, x of equal height 
with the outside wall. The macliine is divided into two parts, 
the working side in which the rags are torn or shredded 
between the knife edges in the cyliDder and those in the hos, 
and the running side into which the shredded rags are thrown 
by the revolving cylinder, "Under the cylinder is a massive 
oak block t, tlie craw, its concave surface comprising the 
fourth part of the circumference of the cylinder. The side y 
is a little and s much inclined. Half-way between h, i are 
two strong beams /, m, supporting the metal bearings in which 
works the axle o, o of the cylinder. From the roller Q a 
number of cutters run parallel to the axis. The knives are 
of soft steel, and in the whole hollander sometimes bronze. 
Beneath these a series of knives is placed, against which the 
rags are drawn by the cylinder. In order that by the move- 
ment of the cylinder none of the material should be thrown 
out a cover is provided, the dirty water thrown up falling 
through the sieve w, », and flowing through the opening^, g. 
Clean water flows in from the top of the hollander. The 
washing finished, the water-pipe is shut by raeans of a sliding 
partition, each partition having an inner one to prevent the 
pulp passing away. The rags are poured into the top of the 
hollander with the requisite quantity of water. The roller 
revolves 100 to 150 times a minute, the knives cutting more 
readily in the fluid. Having passed the cylinder and the lower 
set of knives, the mass flows over the steep slope of the craw z, 
while the roller continues its work," In a similar manner the 
gun-cotton is drawn between the knives and reduced to a state 
of pulp. The bottom of the tub is movable, and thus the 
space through which the gun-cotton must pass may be con- 
tracted as the operation proceeds. The pulping completed, 
the contents of the hollander are run into a " poacher." 

The poacher is a washing machine, similar in construction 
to the so-called " poaching engine " in common use at paper 
mills (see Fig, 18). Here the water in which the gun-cotton 
has been pulped is first drained off, and the pulp is very 

ffoughly washed by being continuously agitated together 
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with a large volume of water for several hours, uniil, i 
samples collected at intervals satisfactorily pass the heat t 
for purity. In the poacher, the pulp is agitated with a 
quantity of water by a wheel. A strainer at the bottom t 
the poacher enables the workman to diaw off the water a 
replace it by a fresh supply, in which the gun-cotton is washed 




This final washing process secures a high degree of uniformiqiS 
in the explosive power of the finished product, as looo lbs, 
of gun-cotton are washed in one operation, and the product 
of many hundred distinct converting operations are thosi 
thoroughly mixed together. 

The palp is now transferred to the vai or mixing machine 
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(Fig. tg), and mixed with a per cent, of alkaline carbonate, 
when it is ready for the final operation. 

Cmpressing the Gun-celton. — The further processes of ab- 
stractipg the water and moulding the pulp into given weights 
and shapes are performed In hydraulic presses of various kinds. 
Figs. 20 and a i show the cyUnder of the press and also the ram. 

There are numerous devices employed for compressing gun- 
WHon, and among them are cylinders movable round a vertical 




lopport, and having a closely perforated plate fixed on their 
liottom ends. 

The cylinder being brought into the proper position, a 
measured quantity of the pulp is poured down a pipe. By 
the action of a suction pump connected with a tap, most of 
the water is at once drawn off through the perforated bottom 
of the cylinder. The latter is then turned round to the 
position, and the press set to work. In a very short time 
the gun-cotton is taken out in the form of a slab or cylinder. 
These are fiirther pressed in a more powerful machine, as 
shown in Fig. 21, and afterwards soaked in water till they 
Htontain about 25 per cent of that liquid. 
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Granulating Ike Gun-col/on. — Under the specification of Sic 
Frederick Abel, the gun-cotton is sometimes granulated by tlw 
following process ; — 

When the gun-cotton in the poacher has been washed* 
sufficiently to pass the chemical tests for purity, it is placet 
in a centrifugal machine similar to that used for the purpos* 
of extracting the large excess of acids after the conversioa' 
into gun-cotton. In this machine the pulp loses water till i 
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contains only about 33 per cent., and is reduced to a conditioa 
more or less fibrous. It is then taken to the granulating room, 
where it is first passed through sieves or perforations, which 
break up the mass, and to some extent determine the ultimate 
size of the granule. The material is then transferred to a 
revolving drum, like a large barrel mounted on a horizontal 
axis, in which it is kept revolving for about a quarter of an 
hour. Water is from time to time sprinkled on the granules, 
or the sides of the drum are moistened, to assist the hardening 
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action. The drum, in revolving, carries the granules partially 
round with it, but under the action of gravity they descend 
after reaching a certain point, and thus are caused to roll over 
one another. The speed of the drum decides, to a great 
extent, the rapidity of the granulating process. The speed 
should be just such that the material is carried by the drum 
sufficiently forward on the surface to be compelled to run 
down sharply. On the other hand, it must not be too great, 
as none of the granules must be carried round by the centri- 
fugal force of the drum. On removal from this machine, the 
completing operaticxi is the removal of the water either to 
dryness or to the extent desired in properly arranged dr3ring 
chambers. 



CHAPTER VIII. 

PROPERTIES OF GUN-COTTON. 

Phvhical Appearance of Gun-cotton — How docs Gnn-cottoii explode? — 
How to render it letf sensitive — Detonation of Wet diin-cottQii-7 
Gaiies produced by the Explosion of Gun-cotton — Spontaneous De- 
composition — Advantages and Disadvantages of Gun-cotton in use. 

In outward appearance cotton does not change on its con* 
version into gun-cotton, notwithstanding that very remark- 
able chemical changes have taken place in its nature. In 
iact, gun-cotton can hardly be distinguished by outward ap- 
pearance from cotton. At the most it is rather less white, it 
generally feels somewhat harsher to the touch, and it grates 
slightly in squeezing it. It is heavier than cotton. Viewed 
under the polariscope the threads of gun-cotton are indistinct 
and exhibit little or no colour, while the threads of cotton are 
very distinct, and exhibit the most beautiful play of colours. 
Gun-cotton, however, can be easily distinguished from cotton 
by rubbing, when the former, particularly in moderate heat, 
will become strongly electrified, so that the threads will stick 
in lumps between the fingers of a dry hand. 

How doeB Oun-ootton explode P — Gun-cotton will 
explode from a blow or impact of hard bodies, by heating to a 
certain temperature, and particularly by ignition. If it be 
subjected to a blow or impact of a hard body, an explosion as 
a rule ensues. The explosion, however, does not extend to 
the whole mass, but only to the portions directly struck. The 
threads which are not struck fly off intact. Sir Frederick 
Abel found that, when an explosion was caused by the blow of 
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s hammer or by the fall of a weight, only a small portion of the 
mass was detonated, the remainder being scattered by the gases 
developed at the moment of explosion of that portion of the 
mass direcdy struck. This was the certain deduction from a 
series of experiments, most carefully made with cylinders or 
disks of compressed gun-cotton of equal weights and diameters 
subjected between polished brass plates on an anvil to the 
impact of a z2-y kilograms weight, falhng from a fixed height 
between leaders. When the weight fell from a height of 914 
millimetres the gun-cotton was compressed to one-half its 
original length witliout explosion. The fall from a height of 
I ■ 828 metre produced 3 slight detonation by which the greater 
portion of the gun-cotton was scattered about. By a greater 
fall a somewhat larger portion was detonated, but even by 
the fall from the greatest attainable height of 11 "883 metres, 
only a small portion was detonated, the remainder being 
scattered about. 
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How to render Gun-cotton leaa sensitive.— Gun- 
itton, when saturated with a liquid or with a body which is 
solid at ordinary temperature, but added to the cotton in liquid 
form, is less susceptible of detonation than when mixed with a 
corresponding proportion of a solid body. The inert liquid 
envelopes each little portion of the gun-cotton, isolates it from 
the adjacent portions, and tlius establishes a strong resistance 
to the propagation of the explosion. 

The absorption by gun-cotton of 3 per cent of water, in 
Idition to the 2 per cent, which it contains in its normal con- 
ition, renders detonation by the ordinary agents uncertain. 

Detonation of Wet Gun-cotton, — Mr. Brown (an 
islant of Sir Frederick Abelj conceived the idea in 1874 of 
■using dry gun-cotton to detonate wet compressed charges. 
According to his experiments gun-cotton containbg as much 
as 17 per cent, of water is easily detonated (although 
not with absolute certainty) by the explosion of 6-6 grains of 
■-dried compressed gun-cotton when the initiating explosion 
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was produced by fulminate of mercury. It must be in dire 
contact with the dry cotton. If the amount of water 1 
increased to 20 per cent, detonation does not surely follow thd 
use of 31 ■ 2 grains of air-dried cotton as the primer, and if tj 
amount be increased to 30 to 35 per cent, which is generallj* 
the maximum amount that the gun-cotton will absorb, 
cannot count with certainty in the detonation when less thai 
112 grains of air-dried cotton are used in direct contact, 
compressed gun-cotton will be more easily detonated when c 
gun-cotton and fulminate of mercury are used, than when the ^ 
fulminate alone is used. The mixture of compressed gun- 
cotton and nitre or potassium chlorate is in a moist state and 
under otherwise similar conditions as susceptible of detonation 
as ordinary compressed gun-cotton, and the mechanical eETecta.a 
produced are the same. Compressed and wet gun-cotto* 
which has been allowed to freeze is as susceptible of detonatioi 
as the mixture of gun-cotton and crystallized salts. 

By heating gun-cotton, explosion is produced accompanied 
with brilliant flames and a hissing sound, but without a lom 
report The temperature required for the explosion depenttoj 
upon the quality of the gun-cotton and upon the rapidity v, 
which it is heated. If it be heated very gradually it wiUl 
decompose at 60° C, giving off acid fumes, bat as a rule i 
will not explode under 130° C. Nevertheless, it sometim 
explodes at much lower temperatures. Explosions have taken J 
place when it was dried to 70' to 100" on sheets of metal, 
has also been exploded by air heated from 25" to 80°. Bffl 
rapid heating it will explode between 136'' and 180". I£] 
explodes mote quickly and at a lower temperature thai 
gunpowder. It can therefore be hurned on the latter without 
the powder taking fire. The following is a very interesting J 
experiment : On a piece of paper lay some gunpowder, on the I 
latter lay a small portion of gun-cotton, and hold the whole I 
about a foot above the flame of a lamp. The radiating heat " 
the flame will be sufficient to ignite the gun-cotton, while 
the powder lying under it and nearer to the source of heat « 
remain entirely unchanged. 



GASES PRODUCED ON EXPLOSION, 

Under pressure combustion takes place more gradually. In 
vacuo and also in nitrogen, hydrogen, carbonic acid or carbonic 
oxide gas, very small quantities of gun-cotton threads, ignited by- 
very fine platinum wire heated by electricity, burn gradually 
with a greenish phosphorescent light By increasing the 
pressure a slightly yellowish flame appears with the greenish 
light, and increases in intensity with increased pressure, until 
finally it passes into the brilliant orange flame of quickly 
burned gun-cotton. 

Wet compressed gun-cotton bums up quietly in the open 
air. If it contain 12 to 14 percent, of water it is ignited 
" with much difficulty in applying a highly heated body. As 
it leaves the hydraulic press upon being converted from the 
pulped state to masses, it contains about 15 per cent, of water ; 
in this condition it may be thrown into a fire or held in a 
flame without exhibiting any tendency to burn ; the masses 
may be perforated by means of a red-hot iron or -with a 
drilling tool, and they may with perfect safety be cut into 
slices by means of saws revolving with great rapidity. If 
placed upon a fire and allowed to remain there a feeble and 
transparent flame flickers over the surface of the wet gun-cotton 
from time to time, as the exterior becomes sufficiently dry to 
inflame; in this way, a piece of compressed gun-cotton will 
bum away very gradually indeed." 

A rifle bullet shot through it will not cause explosion, " If 
it be fired, however, by a strongly charged percussion cap, it 
will explode with great violence." 

Gases produced by the explosion of Gun-cotton. — 

The combustion products in vacuo are carbonic oxide, steam 
" nitrogen ; in the open air the same gases with a nilro-aciil 

cyanogen. 
One pound of gun-cotton gives in combustion about 22,165 
cu. in, of gas and produces the effect of from 4 to 6 pounds of 
gunpowder. Drinker says : " As to the gases evolved by com- 
bustion, it is said that from one gram (0-035 oz. avoir.) of 
BjBBn-cotton there are evolved at combustion in vacuo in round 
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numbers 588 cu. cm, (35 '87 cu. in.) of gas, measured accord- 
ing to Hecker and Schmidt at a temperature of ja" F^ 
(o" C) and a barometrical height of 760 mra. (29,922 inches).) 
Kirolyi found at a temperature of 32" F. (o'' C.) and &- 
barometrical height of one metre (3281 ft.) (hence under high* 
pressure) 574 cu. cm. (35,014 cu. in.) of gas. 

"Blondran obtained from one gram (o'03S oz. avoir.) o£ 
gun-cotton saturated with ammonia 955 cu, cm. (58 'is cil in.J. 
of gas, and other statements go as far up as 1200 cu. 
(73-2 cu. in.). 

"The temperature of combustion of the gases amounts .in; 
round numbers to 8132^ F. (4500" C.)." 

The chemical constiiuents of the gases evolved on combustioDi 
are, according to KArolyt (in percentage of volume) : — 



Carbonic oxide 
Caibotiic acid . 
Fire-damp 

Nitiogen . 
Steam . . . 
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28-95 

20-82 
7-24 

as '34 
3- 16 



If the combustion take place under high pressure, the nitrous 
oxide entirely disappears from amoug the explosion gases, and 
in its place is formed a greater proportion of carbonic oxide,, , 
carbonic acid, steam and nitrogen. 

Trauzl says that, " assuming 4500° C. {8132° F.) as the teiD- J 
perature of gases of combustion of gun-cotton, the theoreticaI"J 
maximum pressure in atmospheres 15,300, and the theoreticat'T 
power in kilograms equals aoo,ooo." 

The explosion gases are, in consequence of the large pro- 1 
portions of carbonic oxide and fire-damp, easily ignited, aacl] 
bum with a blue flame. In consequence of the large pro-d 
portions of carbonic add and carbonic oxide Ihey 1 
poisonous, and assail the eyes quite strongly. 
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SpontaneouB decomposition begins with the evolution 
of gases (for example, gas of a nitro-acid) ; the gun-cotton 
gradually diminishes considerably in volume ; and the residue 
contains small portions of a nitrogenous substance, traces of 
formic acid and acetic acid, also sugar, oxalic acid, and 
so-called gums. This decomposition appears to take place 
only when the cotton has not been sufficiently freed from fats, 
and the gun-cotton has not been completely disacidised. 
Lenk's gun-cotton, which, as is known, was produced in a high 
degree of cleanliness, was, according to Sir Frederick Abel, 
absolutely durable. Sunlight, although acting for a long time 
on Abel's gun-cotton, did not affect it. It is also not affected 
by quick heating to 90° C. Sir Frederick Abel heated boxes 
filled with gun-cotton for six minutes to 50° C, and no 
decomposition took place. He claims that this result settled 
the great and vital question of the durability of pure gun- 
it ton. 

To bcrease its durability it has sometimes been impregnated 
1th a soluble silicate, or with paraffin. 

Advantages and Disadvantages in use. — The chief 
advantage of gun-cotton is its comparative insensibility to 
shocks, in consequence of which it is safe from explosion by 
hostile bullets or sympathetic explosion ; but nitro-gelatine is 
also insensible to water, hostile shots, or sympathetic explosion, 
besides being very much stronger than gun-cotton. 

The failures to introduce pure gun-cotton as a substitute for 
gunpowder in small-arras have already been alluded to (see 
page 55). But when diluted and mixed with certain other 
ingredients, its action is so modified that it can be used as an 
explosive in fire-arms, Gun-cotton is the agent most extensively 
used for all kinds of military engineering and submarine ope- 
rations in Great Britain, being especially manufactured by the 
Government for that purpose. But it is not now so extensively 
used by civilians as formerly. Frost has no effect on drj- 
gtm-cotton, but causes a mechanical disintegration of the wet 

K pressed variety. 
^ 
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Gun-cotton as manufactured by the old system was not: 
serviceable for guns and smaJl-arms. The experiments made 
in various European countries soon after the discovery of g 
cotton showed that infantry guns which withstood the effects 
of 3000 shots with powder became unserviceable on an averag^^ 
after 500 shots with about equally effective charges of gun-' 
cotton. Gun barrels which permitted a charge of 27*5 grams 
of powder were burst by a charge of 7 to 8 grams of guo; 
cotton. 

Another disadvantage was that the manufacture of ( 
cotton cartridges was very slow, because they could not, lik^ 
gunpowder, be measured, but had to be weighed. But a grealw ■ 
disadvantage is its very rapid explosion. It belongs to the^; 
very disruptive class of explosives. Powder possesses a certain 
pliability, inasmuch as its ingredients may he so proportioned 
as to regulate the rate of combustion, and hence its fitness for 
ballistic work. The explosive gases of gun-cotton are instaup 
taneously developed, they occupy instantaneously a very large 
space, but a continuous force is not exerted. The stiffness, too; 
of gun-cotton cannot well be diminished by artificial means. 

In order to overcome the inconvenience attending this great, 
disruptive force, attempts were made to regulate the velocity of 
combustion. The gun-cotton was carded together with ordi- 
nary cotton ; it was worked up with paper material in the hol- 
lander ; metal cartridges were used, the front end, which was t( 
be ignited first, containing mining powder, the explosion ( 
which was to overcome the inertia of the ball ; in the other end- 
was the gun-cotton, the explosive gases of which were to 
furnish the projectile force. For the Austrian batteries Voft 
Lcnk employed gun-cotton in the following manne 

A fixed weight of spun gun-cotton was wound as a flat jacket 
around a hollow wooden cone or cylinder. The rear end wa* 
ignited. The wooden body prevented a rapij burning up in 
the first instant of time, since the ignition could be p 
only along the periphery. As soon as the tension of the gas 
reached a certain height, the wooden cylinders were burst, and! 
the combustion was complete. 
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GUN-COTTON UNAFFECTED BV WATER, 85 

The cartridge made at StowmarkeC contains an envelope of 
strongly compressed gun-cotton, which is covered over with a 
thin waterproof layer of gutta-percha. For hlasticg jjurposes 
the pulp is pressed into forms and pricked with punches, to 
produce cavities to increase the velocity of ignition. 

Ggn. Abbot experimenie<i, at Willett's Point, with Abel's 
compressed gun-cotton, dry, containing also 25 per cent, of 
water, and granulated gun-cotton wetted to a like extent, all 
made at Stowmarket. He found no marked difference in 
strength between these varieties and conditions of gun-cotton, 
although the addition of water seemed to cause a small loss 
of about 3 per cent. ; and that gun-cotton in the wet state was 
safe, but its disk or slab form inconvenient, and when granulated 
it was bulky. 

In blasting operations, gun-cotton acts with considerably 
greater effect in hard than in soft or weil-fissured rock. Sekoen 
states that in soft rock it exhibits twice, in hard rock five to 
six times, the blasting effect of gunpowder. 

It is insoluble in and unaffected by water; and as it can be 
fired wet there is no need of ever drying it. For firing it a 
'■ primer " is used, which consists of a cake of dry gun-cotton, 
to which is attached a fulminate fuze. This primer must be 
enclosed in a waterproof bag or box. Large charges of wet 
gun-cotton can be exploded in this way. It is not sensitive 
to friction. Dry gun-cotton is very hygroscopic. Compressed 
gun-cotton is stored in a wet state, but should not be exposed 
to a temperature that will freeze the water in the cakei. It is 
made into disks of various dimensions, or it may be pressed 
into slabs or blocks which may be sawn, cut, or drilled as 
desired. In the form of disks it stows badly, and it is desirable 
that a charge to be exploded should be as solid as possible. 

Sir Frederick Abel's caution to keep gun-cotton in a wet 
condition is worthy of special attention, since in that condition 
it may be kept for years without decomposing, and is perfectly 
safe to handle. 
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CHAPTER IX. 



PyrOXVLiNE — Schullze's Powder — Linnoy's While Povfder — UchaliuB 
White Powder— Nitric Acid and Sugar —Nitro-Mannite— E. C. 
Powders — Johnson's Powders — Punshon's Gun-cotton— Tollcn's Gunj 
powder — Tonite — Professor Attficld's Experiments with Tooite — 
General Abbot on Tonite — California Gon-cotton. 

Pyroxyline. — This term may be used to designate all 
nitro-compounds resulting from the action of concentrated' 
nitric acid on cellulose or wood fibre — as, for instance, col 
paper, sawdust, straw, &c. Sometimes it is used to designate 
solely gun-cotton, and in that case Collodion-cotton (of which; 
an account will be found in the next chapter) is called Soluble 
Pyroxyline. 

In the present chapter will be found particulars of various 
substances sometimes classed under this term. 

Schultze's Gunpowder. — This is practically a nitrated, 
purified, and pulped wood-fibre, formed into grains. It is noiK 
manufactured by the Schultze Gunpowder Company, who 
appear to have overcome the difficulties which beset the 
inventor in the early stages of its production. Their process 
consists in macerating soft timber of clean growth, which is, 
chemically treated until all resinous and fatty matter is extracted, 
and pure, finely-divided cellulose remains. After drying, this 
is treated with acids, and thoroughly purified till it stands Sir 
F. Abel's heat test The nitro-compound is then finely ground 
and waterproofed ; the proper density is given to the particles, 
and it is dnally dried and sifted. 
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J The properties claimed for the powder are, that it gives less 
^^ressure on the powder chamber than ordinary gunpowder; 
^&at it is smokeless, its ex[iIosioii-gases being very light ; that, 
weight for weight, it has more than twice the propelling power 
of black powder, and that it leaves less residue in the gun- 
banel ; also, the residue being alkaline and dry, no corrosion 
takes place. Quickness of ignition and slowness of combustion 
are also claimed for it. This means that the primer ignites the 
powder readily, and when once ignited it bums slowly, which 
reduces the strain on the powder chamber. 

Lannoy's White Powder.- — Wood or sawdust is nitrated 
by treatment with strong nitric acid, and twenty-two parts of 
the resulting nitro-cellulose are mixed with sixty-five parts of 
sodium nitrate and thirteen parts of sulphnr. 

It is claimed that this powder rends rock without great 
shattering, and hence with but few flying fragments. It is 
difficult of ignition and bums slowly. The experiments made at 
Altenberg, near Aachen, did not prove favourable. It is very 
costly, and leaves on explosion a strong and stinking sraoke. 

Uchatius' White Powder.— Starch is of a composition 
similar to that of cellulose, and can also, by treatment with 
Strong nitric acid, be converted into an explosive nitro- 
»COmpound called Nitro-starch, Uchatius' powder consists of 
Bthis latter substance. For its production he dissolved one 
part by weight of potato-starch in eight parts of fuming nitric 
acid, care being taken to keep the mixture cool. The thick 
fluid was poured in thin streams into sixteen parts of con- 
centrated sulphuric acid, constantly stirred. The resulting 
jelly remained standing for twelve hours, and was then re- 
peatedly washed alternately with pure water and a soda 
solution. Finally the white powder was dried by a heat of 
so'' to 60° C. It is strongly hygroscopic, and is too strong 
and rending in its effects for use in fire-arms. 

Nitro- compounds also result from the action of nitric 
^■Bid on the various kinds of sugar. Thus there is known a 
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Nitre-raw-sugar, with an alcoholic solution of which it waa 
proposed to coat ordinary gunpowder in order to render it 
impervious to water, and also to increase its explosivenessfc 
A Nilro-milk-sugar is also known as Nitro-ladus, 

Nitro-mannite is obtained from the action of nitro-' 
Euphuric acid on the species of sugar of the mannites found 
widely distributed throughout the vegetable kingdoi 
principally found in the manna ash. 

The manna sugar is dissolved in four parts of nitric acid 
(kept cool) and English sulphuric acid is added until nO' 
further separation takes place. The separated product is well 
washed and dried by a heat of 40° C. 

Nitro-mannite in a pure state exists in snow-white, needle-f 
shaped crystals, which are soluble in hot alcohol and in ether, 
is an extremely explosive substance, approaching in this respect . 
fulminate of mercury. It is detonated by a moderate blow.' 
Nevertheless it is not so sensitive to heat or friction as fulminate 
of mercury. It is easily ignited, but is not very dangerous to 
handle. It has been proposed as the safest filling for percussion , 
caps. It is said to decompose on long storage. 

E. C. Powders are known also as Rifle Gun-eolton. They 
are divided into two divisions, Sporting Powder coloured witi 
aurine, free from mineral acid, dissolved in ether, alcohol, and 
benzoline ; and Sifle Powder, coloured with picric acid (free 
from mineral acid) dissolved in the same solvent. They are 
small round granules coloured respectively orange and yellowy 
and consist essentially of diluted nitrated gun-cotton.' 
Two samples gave :^ 

Nitro-cellulose soluble .... 27' 
„ „ unsoluble .... zS' 
Cellulose (unconverted) .... 3- 
Nitrates of potassium and barium . 37- 
Matters soluble in benzole . . . c 
„ „ alcohol ... 3' 
Moisture 

• ' Dictionary of Explosive: 



3S-32 
I -95 
6-32 
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Johnson's Powders. — In these powders dinitro-cellulose 
or lower forms of nitro-cellulose are employed, impregnated 
with barium or potassium nitrates and incorporated with 
charcoal or other carbonaceous material. Two examples 
given in the specification consist of the following : — 

For miHluy Far tpvnmt 

Nitrtr-cellnlose 50 jrarts , . 50 [larts, 



Torrefied slatch or lamp-blutk lo ,, . . 3 ,, 

The powders are formed into grains, or blocks, and impreg- 
nated with a solution of camphor and phenol, or tamplior 
alone, in a suitable volatile solvent, in the proportion of one 
part of camphor (or camphor and phenol) in five parts of 
solvent to ten parts of the powder. The solvent is tiriven off 
at a gentle heat, and the camphor is subsequently driven off at 
a temperature not exceeding 100° C. 

It is claimed that by this method powders can be produced 
of any required degree of hardness and density, thereby 
regulating the energy of action of the explosive, and it is 
stated that " these results are obtained not by the presence of 
camphor in large or small quantities in the finished explosive, 
but by a remarkable gelatinizing and perhaps some other 
action exerted by the camphor upon the nilro-cellulose when 
these are heated together at varying temperatures up to 
loo"" C, whereby the hardness and density of the explosive 
may be regulated at will by the proportion of camplior used." 

Punshon'e Qim-cotton was coated, covered, or incor- 
porated with sugar, either raw or refined, in such a manner as 
to separate or isolate the particles or fibres of the gun-cotton 
and thus regulate the rapidity of the combustion. He also 
added nitre. 

Totten's Gunpowder consists of grains, the kernel of 

which is pure gun-cotton. It is lighter than ordinary cannon 

'powder, and is four and a half times more effective The 
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diameter of the kernel is thirteen milliinetres, and the di^mCtetj 
of the entire grain is twenty-six millimetres. 

Tonite. — Under this name is manii&ctiired at Faversl 
by the Cotton Powder Company, Limited, and at San Fran< 
by the Tonite Powder Company, an eiqjlowve, into the 
position of which gun-cotton enters very largely. 

Tonite consists of finely divided or 'macerated gun-cotton, 
compounded with about the same weight of nitrate of baiyta. 
At Faversbam two qualities are made, known in the market as 
^Vhite No. r and Black No. a. The White is composed of 
about 50 per cent of gun-cotton and 50 per cent of nitrate of 
baryta, while the Black has a larger proportion of baiyta with 
a small percentage of charcoal. 

The white is used for blasting hard stone, snch as quart^. 
and where the object is to smash up as much as possible: 
locally. It is essentially a "shattering" compound to be, 
employed where a great local disruptive action is required. 

The black is for use in softer stone, such as limestone, ia 
quarries, where large blocks of building material are extractedi 
The explosion of this compound is therefore slower, and doea^ 
mt( produce the sphere of pulverisation, only a middling^ 
sized sphere of rupture, hut a proportionately large sphere 
of fracture, therefore its application for quarrying stone it' 
advantageous. 

For the same reason it is used in torpedoes for submarine 
blasting in the removal of obstacles to navigation, such as 
destroying sunken wrecks, where the object to be gained is to 
shake and shatter the frame of a vessel to pieces, and therefore 
the area of disruption must also necessarily be a large one, so 
as to avoid multiplicity of charges. If the No. i white were to 
be employed for such works, its explosion would blow a big 
hole through the side of the vessel without breaking up the 
frame, But when it is a question of use for military submarine 
purposes, be it offensive or defensive, as in torpedoes, the 
No, I white has to be used, as it is quite sufficient to blow a big 
JioJe throu^rh the enemy's vessel (without shaking the £rame\ 
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and to sink her, as the vessel can be raised afterwards and made 
use of again. 

The No. 2 black being not so sensitive to detonation, 
the white tonite is used as a primer to give the initial detona- 
tion. In loading a bore-hole with the black, first insert the 
cartridges in the bottom, and the white is placed on top of the 
charge with the cap and fuze inserted. By using good caps or 
detonators, or strong electric exploders, no miss-fire need be 
apprehended. 

The gun-cotton which is used in the manufacture of tonite 
is mainly common cotton waste steeped in mixed nitric and 
sulphuric acid ; and on the excess of acids being forced out 
by hydro-extractors, it is left for some time for digestion, in 
stone jars, as already described elsewhere under the heading of 
manufacture of gun-cotton. Necessarily, while in the moist 
state, the fibres are macerated or disintegrated between crushing 
rollers. This perfectly purified macerated gun-cotton is inti- 
mately mixed up between edge runners with about the same 
weight of nitrate of baryta. This compound is then compressed 
into candle-shaped cartridges, formed with a recess at one end 
for the insertion of a fulminate of mercury detonator, and 
covered with paraffined paper. 

Among the special advantages claimed for tonite are, that 
if it is wetted by accident, it can be dried in the hot sun or a 
warm atmosphere. The use of nitrate of baryta, a salt con- 
taining a great amount of oxygen in a very small volume, 
makes tonite a compound which readily explodes by the use of 
a proper detonator, while its great density makes it slow to the 
influence of ordinary combustion. Its great density causes it 
to bum slowly if set fire to, and so slowly that all danger from 
a too violent generation of gases is obviated. While, therefore, 
the railways of England refuse to carry dynamite, they regu- 
larly take tonite on the same footing as gunpowder. The 
tonite cartridges are generally waterproofed. The density is 
such that it takes up the same space as dynamite, and two- 
^^thirds of gun-cotton. It is also ready and available at any 
^^^matic temperature. It can be employed in wet holes, and 
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can be tamped with water ; but as all detonators are 

moisture, they should be protected after iusertion in the cartridge 

by tallow. The better the lamping the greater its effect. 

Owing to the large proportion of the oxidising sail present in 
this compound, its detonation is perfect, and this accounts for 
the absence of noxious gaaes when it is used in close drifts and 
workings, and commends it for underground workings with 
bad ventilation. 

The following report gives the results of experiments madel 
with tonite by Professor Atlfieid, as a safety test : — 

" I. A mass of iron, weighing half a ton, was let fall from 
height of 15 feet on to a box containing 10 lbs. of tonite. 
did not ignite the powder. 

" z. An unusually well-made powder barrel, strongly hooped 
and headed, containing 30 lbs, of tonite in the form of cart- 
ridges of various sizes, was placed over some faggots saturated 
with tar, and a large bonfire kindled. In four minutes tha 
cartridges ignited, and merely burned quietly for some 31 
40 seconds. Every cartridge was entirely consumed without 
any explosion whatever. 

"3, A box holding 10 lbs. of tonite was next fired into from 
rifle, at a distance of about zo yards. The bullet ignited the 
powder, which burned rapidly but quietly away without zxA 
plosion. 

" 4. A cartridge was placed in an open box containing 2 lbs. 
common gunpowder, and the latter fired by a fuze. The cart* 
ridge was blown some yards, but not exploded. The sami 
cartridge was afterwards fired by the usual means. 

" 5. Strong sparks of electricity were next passed through 
some of the tonite without effect 

" 6. Many blows of an iron hammer on an iron anvil failed 
to ignite portions of the powder, and when ignition was at last 
effected the adjacent portions of powder were merely bit 
one side without being exploded. 

" 7, Concentrated acids (oil of vitriol and fuming nitric acid) 
were both successively and together poured on to portions of 
the powder without ignition. 
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" 8. Lasdy, to show tlie power of this patent cotton powder, 
when intentionally exploded by detonation, a iz-in. balk of 
limber was shattered by four small cartridges ; a fountain of 
water 80 or 100 feet high was thrown up by the explosion of a 
floating box of the powder ; and a hole in the marshes, 8 feet 
across and 4 feet deep, was distantly produced on exploding 
I lb. of the powder." 

Id a report made to the United States Government by 
General Abbot on the tonite manufactured by the Tonite 
Powder Company, he makes the following observations :— 

" The standard tonite made by this company consists of 
S3'5 parts of gun-cotton and 47 ■ 5 parts of nitrate of baryta ; 
but for special purposes and by request a part of the latter is 
sometimes replaced by potassium or sodium nitrate. 

" At Willett's Point two varieties were received — one dry in 
com]M.cted cartridges, and the other damp in bulk. 

" The dry cartridges were ij, i^, i^, and ijinch in diameter, 
and weighed from 3 to 12 oz. each. The smaller sizes were 
3 in. long, and the largest 6 in. They were of two kinds, 
'solids' and 'primers.' Both were encased in a paper 
wrapping compressed to a specific gravity of about i ' z8, and 
coated with paraffin. The ' solids ' were simple cylinders 
exposing plane ends ; the ' primers ' were similar in form, but 
they had a small hole at the top for receiving a fulminating 
fuze^for securing which the wrapping was extended into a 
short neck. The cartridges were such as are sold to miners. 

" The damp lot was in the condition in which it is taken from 
[he incorporating mill, and in which it goes to the press-room. 
In that condition it is supposed to contain 18 per cent of 
moisture. It is slow to bum and difficult to detonate, and a 
compressed primer must be used with it in close contact In 
this condition it is not sold at present to the company's cus- 
tomers. It would appear that the strength of the explosive is 
tot reduced by moisture. 

" The relative efficiency in a horizontal plane of tonite, as 
IbOwn by Abbot's' experiments, is compared to dynamite 
for dry compressed variety as o'Si to i, and for the 
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Other as o-Ss to i, or a mean of 0-83 to i. The substituti{ 
of a portion of nitrate of baryta tends rather to reduce than 
increase the normal intensity of action of gun-cotton, poun 
for pound, when fired under water, but this is not the ca: 
when fired in the open air or under confinement in rock," 

The Home Office has lately granted a licence for a Tom 
or Cotton Powder No. 3, and its manufacture has bi 
menced by the Cotton Powder Company. Its composition i 
as follows : 



Gun-c( 



le of potash. 



It is of a yellowish colour, and rather slower in its explosii 
action than tonite No. i, and appears well adapted to blastit 
coal. 

California Gun-cotton. — The Tonite Powder Compan; 
of San Francisco manufacture gun-cotton by a process whid 
appears from its circulars to be essentially that of Sir Frederiti 
Abel — omitting the compression into cartridges. It was dc 
livered to General Abbot damp in the state of loose powder, 
which when dry became a fine dust. 

It is claimed that the average product contains about 93 per 
cent of insoluble nitro-ccllulose and 7 [jer cent, of soluble gun- 
cotton, and when shipped contains about 24 per cent, of 
moisture, Abiot states that it may be confidendy assumed 
that the gun-cotton made by the company is not inferior in 
explosive intensiqf of action to the best English manufacture 
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COLLODION- COTTON. 

Its impoftaneo in rrncticnl Use — Processes of Marufaclurc — Compounds 
of Cellulose — Cclluloid^Tribouillct and Besaueile's Process — Propor- 
tioiu in which Cellulose is found m Naiural Products, 

,tOD ION-COTTON 13 a Variety of nitrated cotton which has 
attuned greater iraportaoce than gun-cotton itself thiougl) its 
diversified employment — for instance, in photography, for the 
preparation of the exposed plate ; in blasting, for the production 
of explosive gelatine from nitro-glycerine ; in surgery, for uniting 
the edges of wounds ; and in the manufacture of " fancy goods," 
for the production of Celluloid. 

It is really ditferent from gun-cotton in its chemical nature, 
althougli the same raw materials serve for the production of 
both. Gun-cotton is extremely explosive, while collodion- 
cotton is very slightly so ; the former is insoluble in alcoholic 
ether, while the latter is soluble in that menstruum. 

Mhiard and Fhres Domonte were the first to obtain a 
gun-cotton soluble in alcobohc ether. 

Btchamp investigated it, and found it to be dinitro- 
cellulose. 



Caibon . 
Hydrogen 
Oxygen . 

Nitrc^en 
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In 1847 there was imported into Germany from Amei 
a solution which bore the name of Collodien, and whid 
performed excellent service in surgery. 

It was soon found that not all gun-cotton was suitable 
for the manufacture of collodion, and that the most easilj 
explosible was the most insoluble in alcoholic ether. Sina 
the strongest nitric acid produced the strongest gun-cotton, i 
was concluded and shown that a cotton suitable for collodioi 
manufacture was to be obtained by employing a less con 
centrated add. It was also obtained by using potassium 
nitrate and sulphuric acid instead of the two acids, since i 
the former case the nitric acid was gradually evolved from th( 
nitrate, and the action in the cotton was less energetic 

In 1851 Archer and Fry discovered their collodion process 

Manufacture of Collodion-cotton. — The following a^ 
brief descriptions of the principal processes ; — 

According to Dawson, particular stress being laid upon tbj 
quality of the cotton, the long-fibred varieties, such as Sfl) 
Island and Egyptian, are to be preferred. 

According to Mann, good collodion-cotton is obtained i 
the following maimer : — 

Pour 31 parts of sulphuric acid of i'83 sp. gr, over ao parti 
of powdered potassium nitrate, stir until the nitre is dissolve<%l 
and after it has cooled to below 50° C. mix in i part of cotton)| 
work the whole well through, cover the vessel with a plate, andi 
let the mixture stand at a temperature of about 30° for abou| 
24 hours ; then wash the preparation with water ; finally wasit 
with warm water to remove all sulphate of potassa and dry. 
Many experiments conducted on a large scale have shown tl 
the soluble collodion-cotton is formed in from 5 to 7 minutes, 
but that 5 to 6 days' action of the acid solution in the cotton 
is productive of good, as long as the temperature does r 
exceed 30" C. 

According to F, Luchs, one steeps 1 kilogram of cotton ii 
solution of 30 kilograms of sulphuric acid and 9 kilograms (X. 
powdered potassium nitrate; lets it lie therein until a sample,. 
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PROCESS OF MANUFACTURE. 

of the cotton taken out, washed with water, pressed, wetted 
vrith alcohol and again pressed, is easily and entirely dissolved 
in a mixture of x parts of ether and i part of alcohoL Then the 
preparation is thoroughly washed with water, pressed between 
linen cloths, alcohol poured over it until the yellow colour 
disappears, and again pressed for 34 hours. In summer the 
solution of sulphuric acid and nitre remains standing for some 
ten minutes before the cotton is steeped in it; in winter it 
is first heated sUghtly in order to prevent the separation of 
potassium sulphate. Instead of the salt, nitric acid may be 
used, provided the two acids be not too strong. Suitable 
proportions are 89 parts of nitric acid of i'424 sp.gr., and 
104 parts of sulphuric acid of i"833 sp. gr. 

Another recipe is as follows: 13 parts of sulphuric acid of 
1-632 sp.gr. and 12 parts of nitric acid of from i-jisto I'SiS 
sp. gr. are mixed and cooled to 5° C. In this mixture is steeped 
1 part of cotton, care being taken that the temperature does not 
rise above 8°. After 24 hours' steeping the cotton is removed, 
thoroughly washed with water and dried, 

Hager gives the following : Clean carded cotton is washed 
with a 3 to 4 per cent, solution of carbonate of soda and distilled 
water and dried. By simply dipping it into nitric acid of i '4 
sp. gr, it is transformed into coUoxyline (collodion-cotton). 
Such an acid is not always to be obtained, and therefore its 
place is supplied by a mixture of dilute nitric acid and con- 
centrated sulphuric acid or by a mixture of potassium nitrate 
and concentrated sulphuric acid. The time required for the 
change of cotton into coUoxyline depends upon the strength of 
the nitric acid. The more concentrated it is, the quicker is the 
transformation accomplished. The coUoxyline once formed, 
the same acid has no effect upon it. The temperature of the 
acid mixture must be lowered to a medium degree before 
dipping the cotton, A temperature of 30° C. is without any 
perceptible influence in the formation, as weU as upon the 
gain in weight of the coUoxyline. 

At higher degrees other compounds of ceUulosc are formed, 
which may be enumerated as follows : — 
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1. Pmtanitrshceltuhse. — This is produced by the treatment erf i 
cotton with strong concentrated add mixtures at low tetn> 
peratures, and increase of the percentage of sulphuric acid 
assists in its production. The pentanitro-cellulose is never 
perfectly pure when produced in this manner, but contains 
some he xaoitro -cellulose (gun-cotton) or tetranitro-cellulosej 
the former in case the acids were too concentrated, and " 
latter in case the adds were too dilute. 

Pure pentanitro-cellulose can be obtained if collodion* 
cotton is dissolved in warm nitric acid and the clear solution ' 
precipitated by means of a surplus of sulphuric acid; for thn 
purpose, the collodion-cotton is put into nitric acid of 
temperature of 40° to 60'' C. and i '40 sp. gr. till the solutiott 
takes a strong yellow colour, which is the case after heatii^ 
the acid about one hour. After cooling the vessel in the aiq; 
it is introduced into a refrigerator surrounded with ice, and Is. 
then passed through an asbestos filter. The filtrate : 
on ice again and four times its volume of concentrated sulphutift 
acid of I 'So sp. gr., also cooled previously on ice, is added tO' 
it. The vessel should always remain in the refrigerator. 

After the separation of the pentanitro-cellulose, the liquid 

poured into a large volume of water, and the collodion-cotft 

is collected afterwards on a filter ; for the further purification of 

the collodion-cotton, it is dissolved in a mixture of alcohol 

' and ether, from which the same is separated by adding water. 

2. Tetranitro-ceUulose is produced by the treatment of' 
cotton with a mixture of concentrated sulphuric acid and not 
loo concentrated nitric acid, at a moderately high temperature, 
A mixture of one volume suiphuric acid of i"845 sp. gr. and 
one volume nitric add of 1-38 sp. gr. at 65° C, when act 
on the cotton from 5 to 10 minutes. 

3. Trinitro^diulose, or rather a combination of tri- 
tetranitro-celluiose, is obtained by the treatment of cotton 
a mixture of sulphuric acid, and not too concentrated a nitrfej 
acid at a sufficient temperature ; for instance, by taking a. ma^ 
ture of five parts of sulphuric acid of i ■ 845 sp. gr. and foot 
volumes nitric acid of i ' 38 sp, gr. at 65° C, and by letting. 
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acton the cotton from 5 to 10 minutes; or if cotton is acted 
upon during 15 minutes at a temperature of 80° Celsius with 
a mixture of equal volumes of sulphuric acid of 1*845 ^P' 8''- 
and nitric acid of i '40 sp. gr. 

4. Dititro^elluloie is produced by the action of very dilute 
and hot nitric sulphuric acid on cellulose, and also by the 
action of potash or ammonium on ordinary collodion-cotton 
(on tetranitro-ceUulose). 

In this last manner a dinitro-cellulose is obtained, if 
» to 4 grammes of collodion-cotton are dissolved in 100 cubic 
centimetres of a mixture of ether and alcohoi, and an alcoholic 
solution of potash added in excess. The collodion becomes 
tery fluid and of a brown-yellow colour. After one or two 
hours it is diluted with water, and the free alkali neutralised 
with sulphuric acid. 

The dinitro-cellulose collects on the surface of the liquid as a 
white, flocculent precipitant, which is filtered, washed and dried. 
The dinitro-cellulose is a yelJow-coIoured, gum-like mass. 

From what has been said, it is evident that in the preparation 
of collodion-cotton a dilute nitric acid is employed, and that 
the nitrating has to be carried on at an elevated temperature, 
from 50° to 70° C. 

The solubility of collodion-cotton varies with the quality 
A good product will dissolve in 7 to 8 parts of ether to which 
I part of alcohol has been added. The fluid so obtained has 
a syrupy consistency. 

Celluloid. — The pyroxylines have been largely applied 
of late years in the production of celluloid from which (as 
intimated above) are made various fanciful imitations of ivorj', 
hom, corals, malachites, lapis lazuli, araber, and the like. To 
enumerate, indeed, all the wares produced by it would furnish 
a very long list of articles de luxe 

Tribonillet and Eesaueile's Process. — Messrs. V. Tri- 
bouillet and L. Auguste de Besaueile, of Paris, have intro- 
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(lucod an improved method for the manufacture and treatment - 
of pyroxyline, and for the production of a solid compound 
therefrom in association with camphor and like substances. 

For the production of pyroxyline the raw materials employed 
are paper and rags of cotton, linen, and hemp fabrics thoroughly 
cleaned, and especially free from fatty matter; certain white 
woods, stalks of fibrous plants, such as esparto, which consist 
chiefly of cellulose, and contain few incnisting ingredients. 
The cellulose material is thoroughly dried in a stove at a tem- 
perature of 212° Fahr. ; then disintegrated and bruised in a. 




mill or other suitable apparatus, afler which it is kept free from 
damp, and finally transformed into pyroxyle by means of the 
following apparatus ; — 

There are required three basins A, a vertical section of one 
of which is shown at Fig, 32 of the accompanying drawings, and 
a plan at Fig. 23. Each of the basins may be made of one or 
more plates of glass, or plate enamelled with a glaze containing 
little alkali or lead to prevent it from being attacked by 
powerful acids. They might also be made of ceramic ware, or 
of thin cast-iron enamelled or not. Each basin rests on a lower 
basin made of wood or metal, through which circulates a gentle 
stream of water to the bottom of the basin A. Each basin ie 
enclosed by a glazed cover V to prevent the weakening of the 
acids by access of damp air, and to protect the workmen from 
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the fumes, This cover is surmounted by a hopper T closed at 
its bottom by a valve s, and it has a lateral orifice c opening 
like a window, and two circular orifices o, to which are attached 
sleeve tubes m of caoutchouc or gutta-percha, by which the 
aims of workmen can be inserted to agitate the contents. Two 
of the basins serve for treatment with acid, 
and the third for washinq; with pure water. 

There are also required three cylindrical 
vessels, one of which is shown in vertical 
section and sectional plan at Figs. 24 and 
»5. The internal diameter is the same 
throughout, but the external diameter in- 
creases downwards. These vessels are made 
of cast-iron enamelled both inside and out- 
side, and are perforated, and especially at 
the lower parts, with numerous small holes, 
permitting issue of liquid when the contents 
are subjected to pressure. The pressing 
piston P is of cast-iron enamelled, or of 
ceramic ware or granite provided with a rod /. 
The material pressed in the cylinder is 

'taken out by a door E extending half round 

'the circumference, and about three-fifths of 
the height. This door is securely bolted^ to 

resist pressure. For each cylinder is required 

a screw press of any known kind. They act 

on the pistons of the vessels D, which are 

placed on a stage for the extraction of liquid ''"^- ^S-— PIsn. 

from the material treated Two of the basins cvLrNDRccAi, 

of the cylinders and of the presses are 

employed for treatment of the cellulose with acids; the 

third of each for preliminary washing with water. 

For the succeeding washings are employed wooden vessels 

F, shown in vertical section at Fig. 26. The bottom only is 

perforated with small boles, and covered with fabric G of cloth, 

fell, or the like, which acts as a filter retaining the pyroxyle. 

Under ihe filter is placed a receiver H of wood to receive the 




102 COLLODION-COTTON. 

liquid, which has passed through the pyrosyle. The size and 
numbcT of the washing vessels and receivers depend on the 
extent, of the mannfacture. The 
washing vessels may be arranged 
in stages, so that the liquid from 
each receiver may flow by gravity 
throngh the successive masses of 
pyroxyle. The washing vessels 
may in such case be of less height, 
as shown in Fig. 27, and may 
have unequal wheels, so that they 
may be placed on an incline, and 
1 therefrotn when the washii^ 
is completed. 

In conducting the manufac- 
turing operations the acids em- 
ployed are contained in close 
vessels placed at a higher level 
than the basins, so that their 
contents may flow into the latter by gravity. The acid vessels 
may be of enamelled iron, or of ceramic ware, or thin granite. 
The acid liquid consists of 3 parts sulphuric acid at 66° to 
a parts of the concentrated nitric add of commerce. In the 





mixture is dissolved nitrous gas, which renders the pyroxyle 
'nore soluble. 
Fig. 38 is a general plan of the arrangement of a pyroxy- 
fectoty. The add mixture cooled to 45° to 55° Fahr. 
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is introduced into the second basin A' to a depth of an 
inch or more. Into the first basin A' is introduced a somewhat 
larger quantity of acid that has already been used, and in this 
is immersed the dry divided cellulose introduced by the hopper 
T, Fig. 3 2, in such quantity as the liquid will moisten. An 
operator then passing his arm into one of the sleeve tubes tn, 
violently stirs the mass for 10 to 15 minutes, after which the 
whole contents are placed in one of the cylinders D' ; he then 
introduces the piston P, and puts the press X' in action. The 
liquid pressed out is received in a special reservoir. The press 
b then unscrewed, the piston is removed, and the pressed 
cake is taken out by the side door and plunged in the concen- 
trated acid in A^, A sort of trowel worked by the hands, in- 
serted at the sleeve tubes, breaks up the cake. Stirring is 
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FIG. l8.— PLAN OF 



^Hontinued until the cellulose is quite dissolved, the mass is 
discharged into the second cylinder D*, and subjected to a 
considerably greater pressure than in the first cylinder. The 
acid liquids pressed out are charged into the first basin A' 
to act in the first place on the cellulose. The cake of pyroxyle 
remains impregnated with about one-third of the acid employed. 
Acid may be economised by employing a bath of that which 
has previously served, raising its temperature to about 50" Fahr., 
but the material must be kept for several hours in this bath. 
The temperature and the time of immersion may be reduced by 
adding to the bath that has served about one-third of its 
weight of a mixture of nitric and sulphuric acids, or sulphuric 
acid alone, or sulphate or bisulphate of soda, or any other 
■nlphate soluble in water, adding it quite dry in powder. After 
t transformation into pyroxyle, the material is pressed as 
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already icscribft Tbe vaabing of cbe pjroxjliiie 
to deu tbe nitiatcd ccUnloae &oin tbe acids which i 
destFOf it and mtder it spontaiieoiisly combasdbte, and a 
tame time to coHect those adds wluch if nm to waste woti]d b 
Douoni. Tbe first washing of the cakes chafed with concen- 
micd add ii eSected in a basin Z, Fig. 28, like those employed 
for trealiDg the cellulose ; and it is then pressed in the cylinder 
D*. For the second washing the cake is divided in a vat Q ol 
wood, containing addnlated water, then the whole is <" 
into the first of the wooden filters F' roeniioned above. Th< 
wasMng then proceeds methodically, that is to say, the fin 
becomes the second F*,then the third F*, the first receiving tin 
washing liquid bom the second, the second &om the third, anj 
the last receiving pure water. The washing might, if required, 
be rendered more complete by emplojing three or four basins^ 
with a like number of presses. 

Finally the material is washed in water containing a 
■mall proportion of carbonate of soda or ammonia, or rather 
■ilicate of soda ; and then with water only, the greater part of! 
the moisture being then removed from the pyroxyle by means, 
of a centrifugal machine or strong pressure. The pyrosyline 
is kept for further use immersed in water. The adds which! 
cannot further serve for treating the cellulose maybe employed, 
for various purposes, particularly for the manufacture of sut 
phuric add. The liquor from the washings can be used for, 
the manufacture of oxalic acid, dextrine, pickling liquor, and 
other puqjoscs. From the acid waste by saturation with car- 
bonate of lime may be collected the soluble nitrate, to which 
may be added sulphate from the washing ; the whole may be 
nubjecied to evaporation and disposed of. Or the nitrates 
may be treated with sulphate of potash or soda, so as to pro- 
duce nitrates solidified by evaporation and crystallisation. 

As the cost of pyroxyline is greatly enhanced by the large 
quantity of add required for its production, it is of importance 
to economise this expenditure by mixing with the sulphuric and 
nitric acids that have been already used, and have consequentiy 
become weakened, a variable quantity of bisulphate and a little 
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nitrate of potash or soda. These salts should be separately 
dried at a temperature which does not decompose them, and 
then pulverised. Sufficient concentration is thus obinined to 
enable the acids to be used several times in treating cellulose. 
For the alkaline, bisulphate and nitrate may be substituted, a 
proftortion of nitric acid at 45° to 48° Beaum^, and sulphuric 
acid a few degrees above 66°. By treating the acids in either 
of these ways they become finally available for the production 
of nitric acid by adding the nitrate of potash or soda. The 
sulphuric acid assisted by heat dissolves the salt, leaving the 
nitric acid free, which is separated by distillation. Should it 
be preferred to prepare the pyroxyline by the old method, that 
is to say by treatment with a nitrate and sulphuric acid, the 
operation may be conducted as follows : — 

The pulverised nitrate is mixed with the acid in a vessel, 
where after agitation the mixture is allowed to settle. The 
liquid portion is decanted into a vessel, where the cellulose is 
iraroersed in it After removal of the pyroxyline, the liquid 
as well as the deposit is heated and treated in the usual way 
for production of nitric acid. The acid liquors, after having 
ttansfonned cellulose into pyroxyline, may also be applied in 
the treatment of phosphate of lime, to produce a soluble bi- 
phosphate with sulphate and nitrate of lime. 

The cellulose in the cheap condition of thin unsized paper, 
cotton waste, or rags, is treated in the known manner with 
suitable proportions of acid at the usual temperatures, and for 
the usual periods in apparatus consisting of a large basin heated 
by steam-pipes at the bottom, and a number 
of baskets or vessels of enamelled wire or per- 
forated plate, or of ceramic ware. One of these 
vessels is shown in sectional plan at Fig. 29. It 
is of segmental form, with its sides perforated. 
This being charged with the cellulose in a state 
of division, is immersed in the acid bath and 
agitated. After the cellulose is transformed into 
pyroxyline the vessel with its contents is placed in a sloping 
—josition to let it drain, and then a number of ttve ve,ssd=, a^a 
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placed on a centrifugal machine for the more complete expul- 
sion of moisture. After this, the vessels are plunged in a basin 
containing the acidulated water coming from the other basins. 
All this apparatus is arranged nithin a glass chamber, the 
matiual operations being effected by means of flexible sleeve 
tubes, as above described, attached to holes in the sides of the 
chamber. The vapours are conducted from the chamber to a 
condenser. The vessels or basket* 
containing the pyroxyline to be 
washed are introduced successive^i 
into basins mounted on trucks, the' 
washing being carried on methodi- 
cally, that is to say, when the first 
vessel or basket is taken from one 
of the basins, the second takes its 
place, and so on. 

The p)T0xyhne is bleached by 
permanganate of potash and sul- 
, phurous acid. For 4 cwt. of 
' pyroxyline about i lb. of perman- 
ganate is dissolved, mix the whole 
with 2 to 3 tons of water, agitate 
and blow through the mass a 
current of sulphurous acid till the 
bleaching is complete. This may 
be done in a vat with revolving 

S i y r or*' agitators or in a rag mill, whereby 

(" I the pyroxyline is at the same time 

p](;_ ,(, PRESS, reduced to pulp. Instead of the 

current of sulphuric acid, sulphuric 
acid and salt may be employed, mixing about 150 lbs. of the 
former and about 60 or 70 lbs. of the latter with the mass con- 
taining the permanganate ; or instead of these materials about 
5 lbs. of hyposulphite of soda, with about 50 gaUons of water, and 
II lbs, of hydrochloric acid may be added slowly to the mass 
under agitation, causing the colour given by the permanganate 
mtirely. Hyposulphite alone may be used for 
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bleaching, or for final bleaching after a preliminary bleaching, 
as above described. 

The apparatus employed in compounding the pyroxyline 
are as follows : — i. A paper or rag mill or beater to bruise 
the pyroxyline and camphor, a. An apparatus similar to 
the healed presses used for the manufacture of stearine with 
the following modifications, as shown in Fig. 30, The 
cakes, rectangular, square, or round, are placed horizontally, 
to avoid a preliraioary pressure which solidifies the mixture 
of camphor and pyroxyline ; the press, which may be a 
screw or hydrauhc, is entirely surrounded by a casing of 
plate provided with a door. The rod of the press passes 
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a stuffing box in the casing, at the side of the 
an openmg connected to a coil for condensing vapours a 
chamber with which the coil communicates for receiving the 
condensed camphor and other solid matters. 

This chamber, shown in section at Fig. 31, is provided 
with removable trays over which water flows. To complete 
the apparatus, there are required a press with steam-heated 
rollers to complete the compression previously made ; moulds 
of various forms ; an air pump to exhaust the chamber ; a stove 
or chamber, having a capacity of about 100 cubic feet, made 
with tight joints, having a casing for steam or hot air to heat 
,the exterior, while steam or hot-air pipes heat the interior. A 
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large opening permits the placing or removal of the trays, 

it is closed quite light so that a vacuum can be mainlainerf 

within ; lastly, a still and its condenser. 

The pyroxyline is treated as required with solid or liquid^ 
solvents. The liquid are to be preferred for the production of J 
transparent and even translucent pyrosyhne, for the solution 
can be filtered and then distilled in a retort to remove 
the solvent, the pyroxyline being then in a state of paste, 
which can be moulded and then completely dried. For 
imitations of ivory and other opaque substances camphor is 
employed, which is bruised with water, 42 to 50 parts of 
camphor being added to too parts of pyroxyline, both being 
considered as dry. After a thorough mixture the material is 
enclosed in strong fabric and placed in a hair bag between 
the plates of the heated press, where it is pressed for an houf 
or more. The cakes left in the fabric covers may then be 
subjected to the action of the hot roller press, and then placed . 
in the vacuum chamber in presence of absorbents, such as 
chloride of calcium or concentrated sulphuric acid, to remove 
all moisture. 

During the hot pressing superheated steam or air or liquid 
heated above 212" Fahr. may be employed, the higher 
temperature being required to effect the solution of pyroxyline 
in camphor. The thin plates can then be united by heat and 
pressure, moistening them or not with alcohol, ether, and the 
like. Into the products may be introduced any resinous or 
other substance or colouring matter, making paste of uniform 
colour, or spotted, or marbled. The pyroxyhne is rendered 
less combustible by washing it before compounding in a 
solution of silicate of soda, and introducing into it phosphate 
of ammonia or of soda, or borate of lead, or the more fusible 
fluxes used for painting on porcelain or glass. As pyroxyline 
is not readily attacked by acids, it may be used as a material 
for many parts of the apparatus employed for its manufacture. 

Proportiona in which Cellulose la found. — The 

following analyses of raw cotton, wheat and barley straw, 
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and of a number of woods, afford illustrations of the extent to 
which cellulose is associated with other substances in various 
vegetable products: — 



Cotton . . 

Barley straw 
Wheat straw 
Alder . . 
Beech . . 
Birch . . 
Black Poplar 
Box . « 
Chestnut . 
Ebony . . 
Fir . . . 
Lime 

Mahogany • 
Oak . . 
Scotch Fir • 
Teak . . 
Willow . . 



Water. 



7*00 
11-75 

10*39 
10*70 
12*57 
12*48 

12*10 
12*90 
12*03 

9*40 

I3'87 
10*10 

12*39 

13*12 

12*87 

11*05 

11*66 



A _„««.,_ Alcohol- 
Aqueous K*__-__ 

Extract. ^ ^--«, 



0*50 

9-34 
8*52 
2*48 
2*41 
2*65 

2*88 
2*63 

5-41 

999 
1*26 

3-56 
9*91 

12*20 

4-05 

3 '93 
2*65 



0*40 

1*99 

1*58 

0*87 

0*41 

1*14 

i'37 
0*63 

1*10 

2*54 

0*97 

3*93 

1*02 
0*91 
1*63 

3'74 
1*23 



Cellulose. 



i 



91-35 
49*22 

49*17 
54 '62 

45 '47 

5 •5a 
2*77 

48*14 
52*64 
29-99 

56*99 

53*09 
49*07 

39 '47 
53 '27 
43*12 

55*72 



Incrusdng 

sub- 
stances. 



0*^7 
27*70 

30*34 

31*33 

39*14 
28*21 

20*88 

35*70 
28*82 
48*08 
26*91 
29*32 
27*61 

34 30 
28*18 
38*16 

28*74 



CHAPTER XI. 
Various other explosives, 

Tbe Sprengel Explosives— Flam eless Explosives— Roburile— Experiment! 
■with Roburile and other Explosives — Mr. Hilton's Kules for using 
Robuiite^Bellite — Sccnrile — Trench's Fire-extinguishing Compound — 
Favipr's Explosive— Hellhofli te — Romite— Rack -aTock — PandasUte— ■ 
Melinite — Turpin's Shell. 

The Sprsngel ExplosiTeB. — Amongst the variety 
explosives which of late years have been brought to the public 
notice, such excellent results have been attained with one 
class amongst them — the Sprmgd Explosives — that it may not 
be impossible in the near future that the dynamites may find 
some successful rivals among that class. Rack-a-rock may be 
especially mentioned, as it was this compound which the 
investigations of the officers of the United States Government 
induced General Newton to adopt in the great blasting operatioa 
at Hell Gate in 1885. 

In all the Sprengel explosives the essential principle is 
the admixture of an oxidising with a combustible agent at the 
time of, or just before, being required for use, the constituents 
of the mixture being non-explosive when separate. 

Sprengel followed up the idea that an explosion is a sudden 
combustion, and he submitted a variety of mixtures of oxidising 
and combustible agents to the violent shock of a detonating 
cap. These mixtures were raade in such proportions, that 
their mutual oxidation and deoxidation should be theoretically 
complete. 

Among them are the following ; — 
a. I chemical equivalent of nitro-benzene to 5 equivalents 
of nitric acid. 
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d. 5 chemical equivalents of picric acid to i$ equivalents 
of nitric acid. 

c. 87 chemical equivalents of nitro-aaphthaline to 415 
equivalents of nitric acii 

d. Porous cakes or lumps of chlorate of potash exploded 
with a variety of substances." 

All explosives of this class require a detonator. When 
nitric acid is one of the ingredients, the greatest care is neces- 
sary to avoid its coming into contact with the explosive con- 
tained in the detonator. 

The Sprengel explosives consist of two ingredients, which 
when kept separate are harmless, but when mixed form power- 
fill compounds ; and the mixing is therefore executed at the 
mines, generally before their insertion into the bore-holes. 

FlamelQsa Explosives. — The terrible significance of 
accidents in coal mines, resulting from fire-damp explosions, is 
too well known to require any comment here. According to 
the Colliery Guardian (isth April, 1887), otScial statistics show 
that "during 50 years, ending 1885, there have occurred 503 
faiai explosions, in which about 5000 miners have lost their lives. 
This gives an average of ten such explosions a year, and an 
average of ten deaths to each explosion." 

It is needless to say that these disasters in collieries have 
drawn the attention of scientists to the importance of producing 
a compound which should not produce any flame when ex- 
ploded in the bore-hole in fiery mines. The first step in this 
direction was the introduction of the so-called " water cartridge," 
invented by Mr. Settle, of Bolton. In this invention, the ex- 
plosive charge was disposed in such a manner that it was 
entirely surrounded by water, and the flame was therefore 
quenched by this water at the inslant of its explosion.t 

The economic value of the water cartridge led to further 
advances, and amongst the substitution for water of solid 
materials which possess fire-quenching properties, and ulti- 

• See ' Dictionary of Explosive!,' by Major J. P. Cuniiill, R.A. 
■tt See/OJ/, Chap, XVIL, 00 Uje 'Use of Explosives in Fiery Mines,' 
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tnately to the invention of a series of so-called Ptameiest 
plosivfs, the properties of which, chemical as well as physical, 
are discussed in the following pages. The subject is one of 
great importance, as by the production of a irufy fiameUss 
expbsivt a great boon would be conferred on the coal-mining 
fraternity, to whom I would seriously recommend an impartial 
trial of these new compositions. They should thoroughly 
experiment with these explosives before pronouncing a judg- 
ment pro or contra any of them, as only by continued practical' 
use in the mines over an extended period can the value of aai 
explosive be determined. 

Boborite belongs to the variety of explosives the reso- 
lution of which into gases is not accompanied by a Same when 
detonated under confinement ; and it is claimed that, as the 
resulting explosion gases will not ignite hre-damp or coal 
dust in coal mines, the name "flameless," therefore, is an 
appropriate term. 

This explosive is the invention of Dr. Carl Roth, a Gennaa 
chemist, and he contends that by his peculiar process of 
chlorinating and nitrating certain coal-tar products and then 
mixing them with some inorganic oxygen-yielding substance, 
he obtains a compound which evolves gases which will instan- 
taneously quench any flame that may be produced by the 
explosion. In fact, the practical effect is somewhat similar to 
that produced by SetUe's water cartridge, with the distinction 
that the qijenching element is chemically combined with the 
explosive, whereas in the water cartridge the explosive is 
surrounded with water. 

The chemical compound, as I am informed, consists of 
chlorinated dinitro-benzol mixed with certain proportions of 
ammonium nitrate, calculated to oxidise it completely, and in 
the result Dr. Roth claims to produce a practically flameless 
detonation. 

Dr. Carl Roth gives the chemical equation for the decom-, 
position of roburite as follows : — 
C, H3 CI (N O,) a + 9 N H, K 03 = 6 C O3 + 19 H, 
(Organic) ' (Inorganic.) -t- 20 N + H CI 



ROBURITE. 

I Putting the molecular weights in place of tlie above symbbls- 
:■ I 264 + 342 + aSo + 36-5 

p9oz-g + 720] Carbonic Water. Nitrogen, Hydrochloric 
" ( Acid. Acid. 



Roburite has theoretically, by the dynamometer of Tr.iuzl, 
times the force of gunpowder. The product of its gas 
volume and calories (units of heat) is given as 1,150,000, that 
of dynamite being about 950,000. 

From what has been said, it will be seen that roburite 
belongs to the Sprengel type of explosive, being a mixture of 
two substances, neither of which separately possesses explosivu 
properties ; in this case both components are solid, anri the 
resulting mixture has a sandy granular appearance, somewhat 
resembling the commonest yellow sugar. 

As is shown in the following pages, two other explosives, 
called Securite and Bellite, possess similar properties to robu- 
rite, and do not differ materially as to composition j but as 
robtirite is now being manufactured on a commercial scale in 
England, and is in actual use by miners, I shall give results of 
experiments which were conducted with a view to substantiate 
Dr. Roth's claims." These were \— 

" I. That the two components are perfectly harmless and 
inert separately, so that they can be stored and transported 
wiihom any restriction whatever, 

" t. That even when mixed or ground up together in an 
ordinary coffee, cement, or ilour mill, the mixture is perfectly 
safe to handle and use, as neither percussion, friction, nor the 
application of an ignited or heated body will cause it to 
explode ; this can only be effected by using a detonator 
charged with fulminate of mercury, 

" 3. That, when detonated, roburite produces neither spark 
nor flame, and will not, therefore, ignite fire-damp nor coal 
dust in mines. Dr. Roth states that this pomt was decided by 

n indebted 
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the trials of the Imperial Gennan Commission upon Accidentl' 
in Mines, and that, in consequence, this explosive is now being; 
introduced into the coal-mining regions of Germany, as affon 
ing absolute safety to the men employed. 

" 4, The amount of noxious gases produced by this explc 
sion is so infinitesimal, that for this reason alone it is superic 
to other explosives in common use for longitudinal and deep 
mining work. The report from a mine in Westphalia, with, 
shafts about 1500 ft deep, states with reference to roburite :—■ 
' The men are not inconvenienced by, the gases, and expe*^ 
rience no difficulty whatever in breathing the moment after n. 
shot has been fired, and they resume their labour at or 

" 5. Roburite is not subject to deterioration through cHmadc 
variations of temperature. It should be kept dry, but if 
becomes damp, its strength can be safely restored by drying.' 

The experiments were conducted at Chatham, and th^ 
proceedings are thus described : — - 

" Safofy Tests.^i. After being ground through asmallhani 
mill, the substance was struck direct and glancing blows 
heavy hammers upon iron plates without exploding. 

" 2, Flame was then applied to a portion of it by means of 
short length of Bickford fuse, but without igniting the mass, 

"3. Thrusting a red-hot iron from a portable foige into thfl 
roburite caused only slow combustion and crepitation locallyj 
which ceased when the iron was withdrawn. When a quanti 
was put on the forge fire it merely burnt away like an ordina 
combustible.* 

" Test for Strength on Steel Plates. — The plates were laid 
flat in shallow trenches, a hollow being left underneath the 
central portion of each plate ; heavy timber balks were stacked 
around each square trench with the object of showing the com- 
parative dispersive force of each explosive. 

" I. 3 lbs. each of dynamite and roburite were placed on the 

• I wouitl not recomniend mioets to repeat such experiments. It is 
well known thai dynamite will also burn sway without exploding, but I 
know of cases where it exploded when set on lire, especially when ia built. 
-^M. E. 
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centre of plates 2 in. thick, some sandy loom being piled 
loosely on top. The results of detonation were that the dyna- 
mite produced a dent in centre of plate i J in. deep ; tlie inden- 
tation produced by the roburite was about i^ in. deep, but the 
bulge appeared to have a wider area than in the former 
case. 

" a. 5 lbs. each of roburite and gun-cotton were then exploded 
upon the same plates, with the result that in the former case 
the plate was smashed into four tolerably equal pieces, while 
the gun-cotton made a breach through the centre of the plate 
somewhat resembling that which would be caused by the pene- 
tration of a large projectile ; the diameter of the hole was 
roughly 12 in., with five radial fissures almost reaching the 
edges, the longest 15 in., the plate being at the same time bent 
into the shape of a pack saddle ; this would seem to have been 
a remarkably tough piece of metal. The timber balks were 
scattered in all directions.* 

" 3. 8 lbs. each of dynamite and roburite were then detonated 
upon plates 3 in. thick. The dynamite caused an indentation 
si in, in maximum depth, while the roburite gave a bulge 3 in. 
deep in the centre, and of a larger area, reaching apparently 
almost to the comers of the plate, 

" 4. This series of tests was concluded by exploding 12 lbs. 
each of roburite and gun-cotton on plates 4 in. thick, rather 
more loam being heaped on top of each. The roburite caused 
a wide indentation of ij in. deep in centre, while the tremen- 
dous local force of the gun-cotton was exemplified in a striking 
manner; in addition to an indentation 3^ in. in greatest depth, 
a small crack appeared to extend right through the plate, this 
:k corresponding with one edge of the lowest slab of gun- 
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From experimeul No. z, I conclude thai gun-cotton byils mote loci! 
would be more adapted for offeosive or defensive torpedo charges, 
as it would blow a hole in the bottom of a ship without destroying iL The 
ship after sinking could be raised and easily repaired, whereas loburile 
would most likely twist and disturb the ironwork, making it useleaa, but as 
a bursting charge fur shells, the dispersiTe efTects of roburile tnay prove an 
Advantage in attacking large bodies of troops. — M. E. 
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cotton, the rectangular shape of which could be dearly seen 
indented on the steel plate, the depth being ^ in. at the crack 
and I in, along the other edges of the slab. There is a circular 
hole drilled in the slab of wet gun-cotton to receive a small 
cylindrical disc of dry gun-cotton, as a primer, and the position 
of this disc was marked by a circular hollow in the steel plate 
i in. deep in centre. 

" Grounil Mines, — lo lbs. each of gun-cotton, blasting gela- 
tine, and roburite were loaded into holes in the bottom of the 
ditch 4 ft. deep by 8 in. in diameter, filled up with sand, and 
slightly tamped ; the explosion of these charges cast up tremen- 
dous fountains of loam and sand, and resulted in the following 
craters: gun-cotton, lo ft. 6 in. wide by i ft. 8^ in. deep; 
gelatine, 14 ft 6 in. wide by 3 ft 7 in. deep ; roburite, la ft. 
3 in, wide by a fi. 9 in, deep. The explosion of the gun-cotton 
mine appeared to cause great local action, but it will be seen 
that the area and depth of its crater was considerably less than 
that caused by the roburite, which again must yield the palm, 
in this instance, to the blasting gelatine. It is, however, 
to be remarked that these mines had been placed much loo 
close to one another, so that their craters crossed; this 
would give whichever charge was the last to explode a certain 
advantage." 

From the published reports" of competitive trials made in 
the Whamcliffe Silkstone and Monk Bretton Collieries between 
roburite and other explosives, it will be seen that roburite was 
found to exhibit all the characteristics of a true high explo- 
sive, in respect of the amount of work done in breaking rock 
and coal. During these experiments it was noticed, also, that 
ihe explosion of the charges in the bore-holes produced no 
visible flame. 

To determine the flamelessness of roburite the following 
senes of experiments (we are told) were made : — 

" r, A shot fired on the ground, exposed ; this gave no 
perceptible flame (70 grammes of roburite was the charge in 
these experiments). 

• Enginterins, 281I1 Oclober, 1887. 
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RULES FOR USE OF ROBURITE. 1 1? 

A shot fired on the ground, bedded in fine coal dust ; no 
flame nor ignition of the coal dust was perceptible. 

" 3. A shot fired suspended in a case into which gas was con- 
ducted, and the atmospheric air allowed to enter so as to 
form an explosive mixture. The gas nas not fired. 

" 4. A shot fired in a boiler flue 16 ft. by 2 ft. 8 in., placed 
horizontally, in which was a quantity of fine coal dust kept sus- 

inded in the air by the action of a fan. No flame nor ignition 

the coal dust took place. 

" 5. A shot fired as above, except that an explosive mixture 
of gas and air was flowing into the boiler tube in addition to 
the coal dusL That this mixture was fire-damp was proved by 
the introduction of a safety-lamp, the flame of which was elon- 
gated, showing what miners call the ' blue cap.' There was 
explosion of the gas, or sign of flames. 
' fi, A shot of roburite fired in the boiler tube without any gas 

suspended coal dust. The report was quite as loud as in 
the preceding case ; indeed, to several present it seemed more 
distinct. 

" 7. A shot of i lb. gunpowder was fired under the same 
condition as No, 5, i.e. in an explosive mixture of gas and air 
with coal dust. Not only was there an unmistakable explosion 
of the fire-damp, with very loud report, and a vivid sheet of 
flame, but the gas flowing into the far end of the boiler tube 
was ignited and remained burning until turned off." 

Several shots were fired in the pits, while the lamps were 
covered so as to produce complete darkness, but no flame or 
spark was perceptible, according to the report of the witnesses 
present, 

Mr. James Hiilon, in a paper read before the Manchester 
Geological Society, says that after an experience gained in 
firing over 3500 roburite charges, he had drawn up the 
following conclusions and rules for the vise of roburite ; — 

" I. It was reliable on account of the safety with which it 
could be transported and stored, 

" z. That it took a very strong detonator to explode it 

It was practically flameless under pressure, the gases 
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evoked in its combustion being of such a character as tO 
quash any initial flame tliere might be. 

" 4. In fiery mines, it should be treated so as to confine the 
gases, and give them a chance of action on the initial flame 
at the moment of action, the quenching element being 
chlorine. 

" 5, With regard to the gases evolved by the decomposition 
of roburite, it appears from the formula of the Inventor that 
there are no noxious nitrous ftimes caused by its explosion. 

" 6. The drill hole should only be a trifie larger than tht 
diameter of a cartridge, and is more suitable when machinei 
drilled. 

" 7. Open one end of the cartridge, bore a hole down 
centre of it (with a wooden peg), then insert the detonaloB 
well into the middle of the cartridge, and next tie the covering 
of the cartridge point to the fuse. 

" 8. In tamping be careful to use dry material, and to ram 
the hole very lightly for the first three or four inches, so at- 
not to displace the detonator or compress the roburite. 
Afterwards tamp finally for not less than a foot, with cla^ 
or damped borings from the drill hole. This rule is most 
important, as the safety of the explosive depends on tbtf^ 
tamping. 

" 9. Fire the detonator with an electric (use where fire-dampf 

is given off or coal dust is present. 1 

" 10. Store roburite in a dry place, and if the hole is wet fire 

the charge as quickly as possible after it has been placed in 

the hole. 

"11. If the charge misses fire disconnect the cable from the 
battery, and wait ten minutes before going to it, for although 
there has not been a single case of hanging fire with me in 
over 3500 shots, yet I have heard of an accident happening 
through a shot hanging fire for a few minutes. It is supposed 
that the paper at the end of the electric fuse inserted in the 
detonator smouldered for a short time and fired the fulminate 
of mercury." 
After giving the details of a large number of experiments, ' 
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Mr. Hilton observed that in the number of roburile shots he 
had mentioned either sparks or a flash had been seen, on an 
average, once in a hundred times, but in none of these, in his 
opinion, would an inflammable mixture have been ignited, 
although the margin between danger and safety would have 
been very near, 

Bellite. — This explosive has been invented by Mr. Carl 
Lamm, who introduced its manufacture in Stockholm, It is 
essentially a mixture of nitrate of ammonia and di- or tri- 
nitro-benzol. These substances are mixed together at a 
temperature of 176° to 194° Fahr,, which melts the latter, 
causing it to thoroughly cover over ail the particles of the 
nitrate ammonia, and protecting this substance from atmo- 
spheric influence ; and a compound is formed of which each 
molecule is explosive. 

In its granulated state, and in cartridges, its sp. gr. is i to i ■ 2, 
and in this condition it is said that it can be readily exploded 
by an ordinary fulminating cap even under confinement. When 
compressed, however, into solid cakes, it needs more powerful 
detonators and also strong confinement. It evaporates at 
about 300" Fahr., and at a higher temperature it is stated that 
it will, not explode. Unlike nitro-glycerlne, dynamite, &c., 
which detonate violently when suddenly heated to a like 
temperature, bellite is said to take fire only and to bum 
as fat. It is also stated that bellite is non-sensitive against 
blows, friction, and vibration, and that it possesses great 
chemical stability, permitting long storage and transportation 
to distant countries. 

It has been placed on the list of licensed explosives in 
England, and steps have been taken for its manufacture here. 

Seciirite, like bellite and roburite, consists of a mixture 
of meta-dinitro-benzole with nitrate of ammonium or nitrate of 
potash. The proportions are about 20 parts of the former to 
74 of the latter. It is a yellow powder, with the odour of 
ijtro-benzole. Other varieties contain trinitro-beniole or 
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tii- or trinitro -naphthaline. The following equations are given 
as representing the various compositions and their products 
of combustion, and claim to show that it is a perfectly safe 
explosive to use in the presence of fire-damp and coal dust : 
C,H^.a NO, + 10 (NH..NO,) = 6 COj + 22 HjO + N„ 
2 (C,H,.3 NO,) + 15 (NH.,NO,) = 12 CO, + 33 H,0 + N„ 
C,.H,.2NO, + I9(NH,.NO,) = IOCO, + 41 H,0-i-N„ 
2 CC„H..3 NO,) + 33 (NH..NO,) = 20 CO, + 71 H,0 + N„. 

As is shown by the preceding chemical formulas the com- 
position of both securite and bellite, does not vary much froia 
roburite, although securite substitutes as an oxidising salt tl 
nitrate of potash for the nitrate of ammonia. 

Experiments have been extensively reported upon botU 
abroad and in England by various authorities, and the results 
may be summarised as follows : — 

Securite and bellite do not seem to explode by friction^ 
pressure, a blow, fire, or electricity, but detonate under the 
influence of a powerlul detonator. 

It is claimed that the explosion gases are innocuous, and 
that the explosion is not accompanied by any amount of flame 
or gases. That they belong to the flameless variety has been 
shown by experiments, where these explosives were exploded 
ia a gaseous mixture of a hydrocarbon and air, inside an i 
lank ; such a mixture is highly explosive, but securite and 
bellite explosions d;d not fire it, whereas gunpowder did. 

Their action in coal and stone ia more in the nature ( 
rending than of pulverising. 

Unlike nilro-glycerine preparations, they do not freeze i 
cold weather. 

Cartridges of these explosives, when thrown into a fir^ 
simply fizzed away without exploding. 

Heavy weights, when dropped from a certain height on tp{ 
the cartridges of these explosives, did not explode them. 

That they may possibly be applied for military purposes is 
shown by the fact that cannon balls can be propelled with 
ese explosives from guns, and a 32 lb, ball was sent flying 
ugh the air for a distance of 95 yards when fired witu 
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J oz. of bellite, whereas 4 oz. of gunpowder sent it only to a 
distance of 40 yards ; but it remains for future experiments to 
demonstrate if larger charges of these explosives could be used 
in artillery, to send balls to a distance of several miles, such 
as actual military operations would require. 

Trench's Pira-extinguiahing Compound, manufac- 
tured by the Cotton Powder Company, is the invention of 
Mr. G. Trench, the manager of the company at Faversham. 
The object of the invention is to surround the cartridges of 
tonite, when used in coal mines, with a composition which 
will extinguish the fiame of the shot. It consists of sawdust 
impregnated with certain chemical substances, and to an inex- 
perienced eye it has the appearance of dirty salt. If a charge 
of tonite, or of dynamite or gelatine-dynamite, is packed inside 
a few ounces of this mixture, and then fired, not the least trace 
of flame can be observed, and experiments appear to show 
that there is no flame at alL The following report* of experi- 
ments conducted in the presence of several scientific gentlemen 
and practical members of the mining community has been 
published : — 

" A large wrought-iron tank, of 45 cubic feet capacity, had 
been sunk level with the ground in the middle of the yard ; to 
this tank the gas had heen laid on, for a purpose that will 
be explained hter on. The charges were fired by means of 
electricity, a small dynamo-firing machine being placed from 
thirty to forty yards away from the ' mine.' Operations were 
commenced by the top of the tank being covered over and 
plastered down in order to make it air-tight ; then a sufficient 
quantity of coal gas was placed in it to make it highly 
inflammable and explosive, the quantity being ascertained by 
a meter which had been fixed specially for the purpose. 
Whilst the gas was being injected, the cartridge was prepared. 
The first experiment was to try whether a small charge of 
tonite — fired without the patent extinguisher — would ignite 
the gas. The gas having been turned on, a miner's lamp was 
* From the Faversham NeTui, aind October, 1S87. 
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placed in the ' tank,' but this was extinguished before the 
full quantity of gas had gone through the meter. However, 
the gas being in, the charge (iioz. tonite) was placed in 
the 'mine,' the detonator was connected by means of long 
wires to the dynamo machine, and the word was given to 
'fire.' With a tremendous report, and a flash of fire, the 
covering of the mine flew in all directions, clearly showing 
that the gas had been ignited and added considerably to the 1 
noise of the report and the force of the explosion. The next | 
cartridge {a similar charge) was prepared with the patent 
compound. First of all a brown paper case of about 
two inches diameter was taken, and one of the tonite 
cartridges was placed in the centre of it, the intervening 
space between the charge and the case being packed with 
the ' Fire-exdnguishing Compound.' The mine having had 
another supply of gas injected, the protected cartridge was 
placed inside and fired. The result was astonishing, the 
explosion not being nearly so loud, whilst there was not the 
least flash of fire. ' Protected ' and ' unprotected ' charges 
were fired at intervals, gas being turned into the tajik 
on each occasion. Two f oz. charges of tonite were fired 
without the compound, and on each occasion the gas was 
exploded, and the jet at the end of the supply pipe was, 
upon examination, found to be alight. Charges varying from 
I oz. to 6 oz. of tonite were fired with the compound, and on 
each occasion the report was trifling, whilst no flash could 
be seen," 

In actual mining the paper case can be dispensed with, the 
charge being placed in the bore-hole and tamped down with 
the fire-extinguishing compound around it, but to ensure 
the explosive bein.^j entirely surrounded with compound the 
paper bag should be used. 

The accompanying illustration shows the manner of placing 
the tonite cartridge in the paper bag, and surrounding it 
with the fire-extinguishing compound a, a. The attachment 
of fuze and detonator is also shown, as well as the wooden 
rammers. 
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Pavier'a Explosive. — This compound is prepared by 
coating nitrates, such as nitrate of ammonia, with a molten 
hydro-carhon, like paraffin, and then compressing the substance 
into a cartridge. 

With this object in view, during manufacture the moulds in 
which the compression is effected are heated by means of a 
circulation of hot water or steam at the melting point of the 
hydro-carbons, or better, the material is brought to this tem- 
perature in a mixer ; under the double influence of the 
pressure and heat the material agglomerates itself, the hydro- 
Hjlsrbon covering the molecules of the nitrate with a protective 

^Bk 33.— a 

coaling which may exude slightly and so form externally a 
sort of protective varnish to the mass, which may be further 
augmented by plunging the material on its coming from the 
OQOukl into a melted waterproof mixture. 

For the manufacture of more feeble explosives, nitrate of 
soda is employed, either alone or mixed with nitrate of 
ammonia or with any other compound capable of readily 
giving off the hydrogen which it contains. Before the com- 
pression of these two compounded substances sulphur may be 
added to them, which wiU lower the temperature of their 
jsfonuation into gas. 
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The mijtture of nitrate of ammonia and of the hydro-carbon 
with or without sulphur, worked at the minimum density of^ 
I "6, possesses a very great stabihty and does not explode, 
as do the nitrous bodies, under the influence of an ordinary 
fiilminating capsule, and consequently recourse is had to an 1 
intermediate nitrous body, the points of contact whereof withf 
this improved compound are multiplied as much as possible, m 

For this purpose a cylindric opening is formed in the centre". 
of the moulded cartridge along its longitudinal axis, these 
cartridges of course being made of nitrate of ammonia coated 
with the molten hydro-carbon ; and in the said opening is. 
placed a nitrated explosive body intended to communicate 
the initial detonation to the surrounding compound, thus " 
increasing the initial detonation produced by the discharge of ■ 
the fulminating capsule placed in contact with the nitro- 
compound. 

In the central opening, gun-cotton, picric acid, the chlorates 
of ammonia or potash, may be used as a priming, the last 
two substances being previously incorporated or covered by an 
easily fusible hydro-carbon. These detonating compounds are 
moulded in form corresponding to the hole in the cartridge, 
and can be inserted either at the time when the explosive is to 
be used or previously. 

By employing a quantity of gun-cotton or chlorate not 
exceeding one-tenth of the weight of the moulded compound 
to be detonated, the explosion will be positively ensured. 

By using the hollow cartridge, Favier is enabled to utilise., 
certain explosive acid mixtures of the Sprengel type, which,, 
are produced by dissolving certain hydro-carbons, phenols,- 
natural alcohols, in nitric acid or in nitric peroxide, or nitrates, 
sulphates, carbonates, &c. 

Several of these mixtures, in which the nitrated elements 
and hydro-carbons are simply in juxtaposition, will produce 
explosives, which according to theory are equally powerful as 
compound with nitro -glycerine preparations, for they can be 
made in required proportions for obtaining a complete com- 
bustion of their elements, and moreover do not need to give 
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■ over during the detonation the heat absorbed by the fixing oi 
the nitrous elements on the glycerine. 

These explosives are brought to a state of paste by absorp- 
tion in infusorial earth, or are placed in the central opening 
of the cylinder of the primary compound, the ends of which 
are covered by a plug of the same material, or by an inert 
body such as paraffin. They are exploded by means of strong 
fulminating caps, 

Hellhofflte is a mixture of nitro-petroleum or nitro-tar oils 
with nitric acid. One form of it — proposed by Gruson — has 
been tried in shells, and consists of meta-dinitro-benzole 
(CflHj, 2 NOj) and nitric acid. The two substances are 
placed in separate receptacies in the shells, and are automatic- 
ally mixed during the flight or on the impact of the shell, as 
the case may be. 

Bomite is a Swedish explosive, consisting of a mixture of 
nitrate of ammonia with naphthaline or nitro-n aphtha line. 
When required for use, this is to be mixed with chlorate of 
potash. The nitrate of ammonia is also employed when 
coated with a jacket of molten paraffin and naphthaline ; when 
so prepared in admixture of chlorate of potash it forms a 
compound equal in strength to ordinary dynamite. 

This explosive is used successfully in Sweden. It does not 
seem to explode accidentally, and may have a future before it. 
Experience has shown that a chemical action is likely to set 
up between the nitrate of ammonium and the chlorate of 
potash, which renders spontaneous combustion possible, but 
this tendency the persons interested in the preparation of roraite 
are endeavouring (I am informed) to overcome. 

Rack-a-^rock consists of compressed cartridges of chlorate 
of potash impregnated before use with dead oils or other 
liquid hydro-carbons, or with nitro-benzole ; or a mixture of 
dead oil with its own volume of bisulphide of carbon ; or a 
mixture like the last with the addition of 3 per cent of sulphur. 
^^ The chlorate of potash cartridges are enclosed in small 
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bags of cotton or other doth, of suitable siie and shape, and' 
dipped into the hquid. The mixture of dead oil and bisulphide 
of carbon is used by preference, the object of the bisulphide of 
carbon being to prevent too large a proportion of dead oil 
from being taken up by the chlorate. The bisulphide aiter-^ 
wards evaporates out 

Nitro-benzole is also used as a dipping liquid, or as aM 
ingredient thereof in combination with picric acid. 

In practice, the cartridges are suspended in a wire basket 
from a spring balance and dipped into a pail containing the 
fluid. The completion of the absorption of the proper amount 
trf fluid is shown by the spring balance. The proportion* 
given are three to four and one-sixth parts solid to one parf 
liquid ■ingredient 

If the cartridges be kept, they appear to lend to increas 
sensibility to friction or percussion. 

Panclastite is a name given to various mixtures proposed- 
by M. Eugfene Turpin, of Paris. 

In some of these mixtures he proposes to mix liquid nitrogen 
tetroxide or nitric peroxide (NjO,)' with bisulphide of carbon, 
benrole, petroleum, ether, mineral volatile oils, or other liquid 
or solid hydro<arbons. He recommends especially a mixture 
of 2 CSj + 3 NjO, ; but the use of two such ingredients, both 
giving off highly deleterious vapours, is a very serious objection 
to a mixture to be used in a mine or other confined space, and 
the vapour given off by the liquid NjOj is especially dangerous. 
He also proposes a mixture of about eighty parts chlorate of 
potash to twenty parts coal tar, with the addirion, if necessary, 
of some porous absorbent for the liquid tar. Two of his 
powders are as follows 
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Melinite — an explosive which is simply an adaptation of 
picric acid — is also the invention of M, Turpin. Picric acid 
by itself had always been considered as an imperfect body, not 
capable of explosion without an admixture of an oxidising 
substance, like chlorates, nitrates, chromates, nitric acid, &c. 
But in practice these mixtures proved too dangerous, as the 
picric acid displaced the nitric and chloric acids from their 
salts, and thus caused spontaneous explosion j and such 
compounds have caused some terrible disasters. 

Tur/>in discovered that, contrary to all the theories adopted, 
picric acid alone — that is to say, neither mixed nor combined 
with any active substance and such as it is found in commerce — 
is one of the most powerful and valuable explosives that can 
be conceived. Its explosive force is greater than that of 
compressed gun-cotton and the different forms of dynamite. 
Its insensibility to shock, as well as its stability, is also very 
remarkable. Turpin also demonstrated that the maximum 
force of explosives of this kind, contrary to what has been 
beUeved, does not coincide with the chemical formute, which 
correspond to complete combustion, but on the contrary with 
the combustion which yields carbonic oxide. On this novel 
theory, therefore, the maximum of power may be obtained 
with nothing near the maximum sensibility, which admits of 
obtaining results hitherto unlocked for. It is generally 
admitted that the power of explosives is proportionate to the 
heal disengaged, which has always led chemists to employ the 
oxidising agent, and preferably in excess, in order to obtain 
complete combustion. This, however, was a grave mistake, 
as the oxygen necessary to form carbonic acid could produce 
a double volume of carbonic oxide, which would produce a 
much more considerable amount of work, and which is far 
from being compensated by the increase in value of the 
temperature which is produced in the case of the formation of 
carbonic acid. As regards the carbonic oxide this need not be 
considered, as its conversion into carbonic acid takes place 
immediately it is projected into the air, by the action of the 
h flame of the explosion, and at the expense of the oxygen of 
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the air. Turpin found that when picric acid alone, without 
any admixture, is fiied by means of an initial detonator of 
sufficient power it is capable of producing the most violent 
bursting effects, for which reason it is proposed to apply it 
for industrial and military uses, by the novel means and J 
processes hereioafter described 1 

This application is the more important, as hitherto an 
explosive for military uses possessing the following properties 
found in picric acid alone has never been obtained, viz. : 

1. Absolute chemical stability, that is to say, non- susceptibility 
of spontaneous decomposition or of elementary change* 

2. Absolute physical stability, that is to say, non-suscepti- 
bility of congelation, exsudation, liquefaction or evaporation. 
3- Absolute insensibility to the most extreme variations of' 
atmospheric temperature. 4. Capability of being preserved for 
an indefinite period, 5. Perfectly non -hygro metric. 6. Perfect 
security, in manufacturing, manipulation, and transport. 

7, Little or no capability of ignition in the open 

8. Greater power of dispersing earth than either gun-cotton 01 
dynamite. 9. Shattering properties equal, if not superior, ta 
those possessed by other violent explosives. 10. Insensibility, 
or at least inexplosibihty, on the ball striking, 11. Insensi- 
bility (when used in shells) to the shock of the discharge of 
the cannon. 

The insensibility of picric acid by itself is due to the exces* 
of carbon which it contains, and for this reason It is absolutely 
necessary to avoid the admixture of any oxidising substance, as ' 
it considerably increases its sensitiveness, as well as greatly 
reduces its power. Picric acid, unmixed, attains its maximum 
sensitiveness to priming, this property being very slight when 
it is in the form of line powder ; although but slightly sensitive 
to shock, its sensitiveness may be still further reduced by 
different means, which admirably adapt it for, and, in fact, are 
indispensable to, its use if it is desired to obtain satisfactory 
results. 

These processes consist (1) in compressing the picric acid, 
in order to increase its density, and, at same time, lessen its 
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.ttesitiveness, contrary to what is the case with gun-cotton, it 
being well known that gun-cotton in a flocculeni form is not 
exploded by a priming, whereas it expl d d ly 1 

pressed. {2) By agglomerating it {a d h 

moulding it to various forms) with an aq 1 f 

aiabic, or some fatty body, such as hea 7 1 f wh 

have the property of rendering picric .a d lb! 1 h 

allowing it to dry if necessary. (3) C 11 d j 11> dil d 
the proportion of from three to five p m 

of alcohol and ordinary ether, may also b d g 1 m 
(the picric acid to lessen its sensitivenes d d p f b 
puideil into any form. Blocks thus obtained will explode in 
dosed chamber, with primings of from one to three grams of 
fiilminate. The maximum of insensibility is obtained when in 
the cast state, which is one of the best modes of employment. 
In this case it will resist, in the open air, the explosion of a 
priming comi>oscd of three grams of fulminate inserted m the 
cast mass, but it explodes perfectly in a closed chamber, such 
as a sheD, for example, as will be hereinafter explained. Cast 
picric acid behaves much like wet gun-cotton, that is to say, it 
may be exploded even under water With a priming of picric 
acid in dry powder, which is itself primed with i ■ s grams of 
fulminate. Very powerful explosions may, in this manner, be 
obtained. Cast picric acid perfectly resists the shock produced 
by the firing of a cannon, when contained in a projectile, 
having an initial velocity of six hundred metres, and produces 
destructive effects of a kind hitherto unknown. 

The following is the process of casting the picric acid : The 
acid is fused in a vessel provided with a false bottom heated 10 
X 130° to 145° C. by a current of steam under pressure, or 
simply by the circulation of a liquid heated to the desired 
temperature, such as oil, chloride of zinc, glycerine, etc. The 
melted picric acid is run into moulds of a form corresponding 
to that of the blocks required, or it may be run into the 
projectiles themselves, which should be heated to a constiint 
temperature of about 100° in order to prevent too rapid solidi- 
fication. The importance of the application of this method is 
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considerable. It has been observed that in large projectiles 
a high velocity, ordinary powder, if in small grains, sometii 
ignites through the friction which results from its settliDg do' 
in consequence of the initial shock, whereas if it is in the fonfli 
of compressed blocks it resists ignition. For this reas( 
preferred to employ for hollow projectiles picric acid, in com? 
pressed powder, agglomerated after pressure, or preferably, 
cast, it thus attaining a density of f6 to 1-7, This latter 
mode of use is also more convenient, as it enables the explosive 
to be cast in receptacles of any form having small orifices, 
such as shells, torpedoes, tubes, moulds, etc. When required 
for producing explosions in the open air, for blowing up rail^ 
walls, etc., for military purposes, it is preferable to employ the 
picric add in dry powder. In this form it is firmly packed 
into the cartridge case of tin, copper, or pasteboard, and a 
priming tube, inserted well into the material, is used, 
the case of gun-cotton or dynamite. ~f 

The priming of the picric acid may be effected by the three 
following means : — (ir) 15y the direct employment of a priming 
of r"S grams of fulminate of mercury, which answers well for 
picric acid in dry powder. (6) By employing an intermediate 
priming of picric acid in powder, primed by the fulminate, 
which is very suitable when using cast or agglomerated picric 
acid, {c) By dispensing with the fulminate, and employing a 
sufficiently large charge of ordinary quick-burning powder 
enclosed in a strong tube, and made to burst inside the charge 
of picric acid. This last method is of especial importance in 
connection with artillery. 

Turpin'a Shell.— Fig. 33 illustrates the invention as ap- 
])!ied to the charging of shells, with cast (fused) or powdt 
picric acid, and with or without a priming of fulminate, Th«, 
drawbg represents a longitudinal vertical section of the shelt 
A is the body, and B the plug, containing the priming, in the 
chamber D of which plug may be placed a charge of quick- 
burning powder, or picric acid in powder. In this latter case, a 
priming containing from o ■ S to i gram of fulminate should be 
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■'BIttached to the fuze C, E, copper ring surrounding the base of 
the shell. The chamber D is coned, and also the core which 
is used to form a cavity for its reception in the fused or cast 
acid, to enable said core to be easily drawn out. It will thus 
be seen that in order to produce the detonating explosion of 
the picric acid, or, on the same conditions, that of the com- 
pressed gun-cotton or dynamite without the use of fulminate, a 
cavity is moulded in the charge of compressed, agglomerated, 
or cast picric acid, to receive the screw plug, which terminates 
at its inner end, in a very strong;, but brittle, chamber of cast 
steel, or iron, whn.h is filled with very violent gunpowder, or, 
preferably, witli 25 grams of a powder composed of chlorate 
of potash, tar, and charcoal. The plug is closed by means of 

f- the fuze. It will thus be seen thit -\ ';lrnn,' pnmmgofgun- 




puder is used instead of a priming of fulminate, the only 
inafe employed being that contained in the artillery fiize. 
i desired to obtain, either in mbes, or elsewhere, an 
[plosion without detonation of the picric acid, a small charge 
f powder should be employed, either wrapped in paper or 
mtained in a waterproof bag, to be ignited by the miner's 
fuze, the latter having no action upon the picric acid when 
unenclosed. Under these conditions the picric acid may be 
employed in mining and excavating generally in the same 
manner as dynamite and gun-cotton. If the mine is dry, it is 
sufficient to introduce the picric acid into the hole, either in 
powder, or in small crystals, or agglomerated, or cast, and to 
prime it in the ordinary way. 

t 1 
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If the mine is wet, or under water, the picric acid must be 
enclosed in a waterproof envelope of metal, indiarubber, cloth, 
gummed taffetas, waterproof paper, etc., and primed with a 
strong priming of dry picric acid in powder wiiich is itself 
primed, by means of a fulminate. The picric acid is almost 
completely insoluble in cold water, and detonates freely with a 
priming of i • 5 grams, if it is moistened with three per cent. 
of water. 




Elkments of Comparison of Explosives— Methods of Comparison— Ex- 
periments of CaptLtin Nobd, Sir F. Abel, MM. Roux and Sairau, 
and M. BertlielDt— Nobel's Ballistic Teat— Calculating the Effect of 
Dynamite— Iron Plate Test- Pressure Gauge— Foot-pounds Machine 
— Quinan's Diagram for Meosacement of Pressure — Initial Detonation, 

The most vital question which concerns explosives is the 
evolution, or rather concentration, of their power, absolute 
and relative. This is a subject to which serious attention has 
long been given, without leading as yet to satisfactory 
results- 
It is not only from a theoretical point of view that such 
knowledge is of importance. The manufacturers of explosives 
are frequently themselves unable to estimate the relative value 
of other explosives and their own. The pressure gauges 
devised give only an approximate idea of their relative power. 
The strength of a dynamite, or its explosive effect, is made up 
of three factors. It may be considered as equal to the product 
of the three : — 

1. The amount of the gases formed (that is, their volume 
reduced to a standard temperature). 

2. The temperature of the gases. 

3. The reciprocal of the time consumed during their evolu- 
tion. 

In practice, be it in mining or quarrying operations, it is 
really difficult to make comparative tests. Rock which appears 
to the eye imiform and quite alike, in blasting often brings to 
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light veins, siiakes, or fissures which render 3 comparison of 
work done in two contiguous portions impossible — in fact, 
there is no such thing in reality as to make two bore-holes of 
equal depth and diameter, where conditions of the material to 
be blasted are idcnticaL 

Methods of Comparison of Explosives. — Explosive 
power may be estimated in two ways, viz, indirectly by theo- 
retical induction, and directly by measuring the maximal tension 
of the gas at the moment of explosion, or the mechanical work 
which it is capable of performing, or what means the same, 
that at the moment of the dissolution of the solid into gases a 
certain amount of mechanical work is being done by the 
pressure of the gases evolved and the heat generated. For 
gunpowder both methods have been applied, without showing 
much discrepancy in the final result 

Captain Nobel's and Sir Frederick AheFs experiments show 
that the maximal pressure exercised by gunpowder, when the 
density of the products of explosion is equal to loo, or, in 
other words, when i kilo, of exploded powder occupies the. 
volume of I litre, is equal to 6400 atmospheres, or about 
42 tons per square inch; that its explosion produces about 
705 units of heat, which, multiplied by its mechanical equiva- 
lent, represent a theoretic work of 4S6 foot-tons per lb. of 
powder. 

But highly satisfactory as are those figures, derived from 
actual measurements, they give no clue to find the absolute or' 
relative power of gun-cotton, nitro-glycerine, and other violent 
fulminates of modem application. These have been considered' 
too powerful and too quick of explosion for even the strongest 
steel receptacle to resist their action, and hence, as far as we 
know, no attempt has hitherto been made to measure their 
explosive pressure by an instrument similar to those employed 
by Captain Nobel and others to estimate the tension produced 
by exploding gunpowder. 

By aid of repeated calorimetric tests made at the Depdt 
Central des Poudres, Paris, MM. Roux and Sarrau have sought 
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^^Uo detennine how much heat the explosion, or rather detonation, 
^^■^TCirious fuhninates produces. They have thus found for 

^^B Nibo-glyceriiie 17S4 units of heat 

^^H Gun-coLton ...... 1123 „ 

^^H Picrate of potash .... 840 

^Bwhich, multiplied by the mechanical equivalent per unit, 
^^Hjives 

^^k 778 metre-tons per kilo, of nitro-glycerme, 

^^H 4^ gun-cotton, 

^^H 366 picrale of potash, 

^Has against 

^^m 37S „ „ „ for the best sporting powder, 

^H and 267 „ „ „ „ „ oidinajy mining powder, 

^H -which is of a very inferior quality. 

^H Comparing those figures with the heat produced by the 

^B combustion of gunpowder, as found by Sir Frederick Abel 

^B (704 units), and taking it as i-oo, the mechanical power 

^B -which 

^H Nilro-glycetine is capable of peifoiming would tank ss . 2-53 

Picrate of potasb „ „ „ „ ,, . fig 

Berthelot, following a different method, purely theoretical, 

arrives at much lower figures for the heat produced by the 

combustion of the same substances, and consequently also for 

the amount of work it represents. He admits that at the very 

high temperature, which is a very general feature of explosive 

H combustion, no complex chemical combination can exist, and 

^H :that only elementary compounds, such as water vapour, car- 

^B bonic oxide, and carbonic acid will be formed ; so that when 

^H-:^ chemical composition of such explosive substances is 

^BlCDOwn, which are entirely converted into gas, it is easy to 

^■j&termine, without recourse to experiments, the nature of the 

^^Ti^iseous products formed at the moment of their explosion. 

^HtHence, for instance, nitrate of ammonium, of which the formula 

^Hb NH* NO3, would split up into 

r N, + O, + (H, O),. 

Starting from this point of view, the correctness of which cer- 
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tainly does not appear to admit of the slightest doubt, Berthelot 
computes, from well-known tables, the heat produced by the 
formation of the gaseous products from their elements. He 
further eliminates the units of caloric developed in the forma- 
tion of the explosive substance to be dealt with from its 
elements, and takes it for granted, of course, that as much heat 
must be absorbed in disuniting the chemical tie as was freed in 
forming it. The heat lost in that operation he deducts from 
the sum of heat produced by the reunion of the disconnected 
elements, the balance representing the heat really developed by 
the explosive combustion. Thus, for each 227 grams of nitro- 
glycerine, which the explosion transforms entirely into carbonic 
acid, water, nitrogen, and oxygen, Berthelot calculates the heat 
produced by the formation of the carbonic acid and water from 
the elements of 430,500 units, and the heat produced by the I 
formation of the nitro -glycerine itself from its prime elements I 
at 130,500 units, which, deducted from the total of 430, 
le.ives 300,000 units of caloric freed, or 1320 units per gramJ 
of nitro-glycerine exploded. 

Nobel's Ballistic Test. — Various devices have been 
employed for testing the power of explosives, and to measure 
their relative strength, and the first in use was that adopted by 
Nobel. He made use for several years of a method based on 
measurement of the ballistic power of explosives ; and though 
certainly open to some objections, it has the advantage of being 
extremely hajidy and sufficiently accurate for the object in view. 

A mortar test is indeed more reliable for comparing deto- 
nating explosions than for slower compounds ; for in the latter 
case, the projectile may have left the mortar before the com- 
bustion is completed, while, in the case of fulminates, their 
explosive conversion is so rapid that in all probability it is 
completed before the projectile has begun to move at all, thus 
acting upon it with the whole force of its initial tension. This 
is further confirmed by the fact, that the bore of the mortar can 
be made far shorter than for testing gunpowder, without any 
considerable falling off of the range of projection. The con- 
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s wliich he drew from a series of experiments were that 
if the ballistic power of detonating 

Nitro-gljcerine is expressed by loo-o 

Compressed giiQ-colton, weight for weight, ranks a? . . 71 "O 

Dynamileor28%guhrand75%tiilro-glyccrine „ . . 72"0 

Ammania. powder ,, , . Sj'O 

GunpQWder mixed with zo% nitro-glycerine ,, ■ . 50'o 

■ Gun-cottoti „ ,, its own weight of 

nitio-glycerine , . . Ss'O 
Curtis and Harvey's strongest blasting 

powder detona,led with a cap 23'0 

Fulminate of ineteury „ , , 30'0 

LJthofracteur of the strongest kind . . . „ . . JO'S 

In this estimate no deduction has been made for the power 
exercised by the fulminate of the detonator caps, it being the 
same for all preparations except gun-cotton, for which o'i6 
additional weight of fulminate was used. 

Interesting as it may be to compare the relative power of 
explosive substances, weight for weight, the power which they 
are capable of exercising, bulk for bulk, is of far greater 
. importance in their application to blasting. 

It is easily computed when their specific gravity is known, 
li has been found 

Fo< nitro-giycerine 



, dynamite No. I , 

, gunpowder , , 

, lithofracteur . . 

, dynamite No. 2 . 
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Tien their power is compared, bulk for bulk, ihe various 
Elplosives range as follows : — 

Nilro-glyceiine , 

Ammonia powdei 

Dynamite No. t 74'o 

Lithofracteur S3'0 

Curtis and Harvey's blasting powder fired by 
detonator I7'S 
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. Calculating the Effect of Dynamite.— To calculate the I 
pressure developed by the explosion of a charge of dynamite i 
in a bore-hole, let us suppose a bore-hole three centimbtrea j 
in diameter, charged with one kilogram of dynamite No. 
containing 75 percent of mtro-glycerine. 

The pressure in -f kilograms developed in the bottom of the 1 
bore-hole by the explosion gases is determined according to % 
the formula, Vieille and Sarrau ; — 
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in which the letters have the following meaning ;— 

Vq the volume, reduced to 0° and a pressure of 760 mm. offl 

the gases produced by a unity of weight of the explosive, 

Q the number of calorics disengaged by the explosion of a 1 

unity of weight of the explosive, 

c the specific heat, at constant volume of the gases. 

V the capacity in cubic ceotimbtres of the unity of weight of 
the explosive, 

V the volume occupied by the inert materials of the explo- 
sive. 

The volume of gases produced by i Icilo, of mtro-glycerine at 
o" and under a pressure of 760 mm., is, according to the 
experiments of Vieille and Sarrau, 467 litres. 

We can therefore take for V,, ; — 

Vo = 0-7S X 467 
equal to 

Vo = 350- 

According to Bunsen and Schiskoff, i kilo, of dynamite No. i 
disengages i3go calorics. 

The specific heat c is o'aao according to Sarrau's calculflr 
tions. 

At last, the density of the dynamite being equal to i ■ 500, we 
deduct therefrom : 
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If we estimate at o-ioo the volume of the Kieselguhr, we 
find from the preceding fonnula that the following values will 
represent the letters : — 



0-666- 



13,900 atmospheres. 



To transfer this quantity into kilograms pressure per square 
centimetre, it is only necessary to multiply the same by the 
weight of a column of quicksUver o™' 760 high and i centi- 
metre square section, which is equal to augmendng it by 



Pk = Pa(i + ~)~ 14,317 kilograms. 
^ In appbi^Dg the formula to the explosion of gun-cotton, and 

Q = 1075 (Berthelot) 
C - 0-2314 
V - — ^(absolutedensity I'so) 

V(, = 671 litres (Vieille and Sarrau) 
V = O 

P'a = i8,r35 atmospheres 

P'k = 18,740 kilograms. 

|-The explosion of i kilogram pure nitroglycerine gives : 

P"a = 18,533 atmospheres 

P"k = 19,151 kilograms, 



The Iron Plate Test consists in estimating the strength 
of an explosive by its effect in smashing an iron plate of 
standard thickness and tenacity, when exploded in certain 
charges on its surface. This test is very delusive, though of 
value in detemiining certain other important qualities. Sir 
Frederick Abel has shown that weaker explosives sometimes 
show better results by these tests than stronger ones ; in 
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fact the experiment is rather a test of the completeness ot 
detonalion, and of the rapidity of explosion, than of the forcffl 
which becomes available in rending rock. 

The Pressure Gauge is mostly adopted by manufacturers 
to estimate the force of their explosives;. As shown in Fig. 34, 
it consists of a heavy block of wood A, upon which is bolted 
cast-iron block or base B, B, B. In this base are inserted four 
wrought-iron guides, or standards C, C, set aroimd the 




ference of a 4-in. circle. The lead plug D rests upon a steel 
plate (not apparent in the drawing), which is let into the iron 
block flush with its upper surface. A ring E holds the guides 
C in place at the top, passing through the ring, which is held 
down by nuts F. 

The piston H (also Fig. 35) which is the piece resting on the 
plug of lead, is a cylinder of tempered steel, 4 ia in diameter 
and 5 in. in length. It is turned away at the sides to lighten it 
as much as possible. It moves freely between the guides. In 
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the top is a parabolic-shaped cavity to hold the charge of 
explosive N (Fig. 35). The weight of the piston is izj lbs. 

The shot I {also Fig. 36), made of tempered steel, is 4 inches 
in diameter, and 10 inches in length, weighing 34^ lbs. It is 
bored through its axis to receive a capped fuze. 

To put the instrument in operation a plug of lead is placed 

upon the steel plate within the guides. The piston is put down 

intly upon it, and the charge of explosive placed in the 

.vity N. The shot is next lowered gently upon the piston, 
and the capped fuze pushed down through the hole in the 
shot The fuze being lighted, when the fire reaches the cap 
the charge is exploded, throwing out the shot and compressing 
the lead plug. The accuracy of the test is based upon the 
assumption that the lead plugs shall be of 
uniform density and homogeneous structure. 

The form of plug used is a cylinder, an 
inch in diameter and an inch in length {Fig. 37). 

The lead cylinders used for these experi- 
ments are cut out from lead bars, which are 
manufactured from large masses of metal melted _ 

at a high temperature ; it is dense and uniform, ^"'^ V^^^*''^ 
and can be obtained in lengths of 50 feet. 
These plugs are more uniform than those cast separately in 
BiouJds from small masses of metal. 

In making these tests it must be considered that the lead 
plug, while being compressed by the explosion in the pressure 
ijgauge, the density of the plug as well as the lead surface 
led to the piston continually increases. It is self-evident 
this that the amount of compression shown by the plug 
iu not a direct measure of the strength of the explosive. For 
IlMustration ; if one explosive exploded in the pressure gauge, 
■compresses a plug -f*^ of an inch, and another explosive 
compresses a plug -^^ of an inch, the latter explosive would 
be twice as strong as the former if the compressions were 
direct measures of relative strengths. But in fact the latter 
explosive is more than twice as strong. The problem was, 
how much. The strength of the explosive is proportional to 
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the work performed in reducing the height of the lead pli 
To get an expression for the work, it was only necessary 

find the number of foot-pounds required to 
produce the different amounts of compress 

Foot-potinda Machine. — Acting upon 
this reasoning, Lieutenant Quinan, of the 
U. S, Army, devised an apparatus which is 
shown in Fig. 38. 

It consisted of three boards, so connected 
as to form a slide 16 feet high, in which a 
weight (the shot of the pressure gauge) could 
fall freely. One of the boards was graduated 
into feet and half feet. The horizontal 
board at the bottom, upon which the others 
were nailed, rested on a heavy post set deep 
in the ground, A round tenon formed 
the top of the post projected through a hole 
in the board. On the top of this tenon, 
turned bottom upwards, was placed the piston 
of the pressure gauge. This served as the 
anvil, and on it the plugs were placed. The 
fuze hole of the shot was plugged with 
large wire, which projected through the top 
and gave a hold for a simple fonn of clutch, 
by means of which and a light rope passing 
over a pulley at the top of the structure, the 
shot was hoisted to any desired height. The 
clutch was released by hand from the steps 
of a ladder. 

With this apparatus the uniformity of the 
plugs is tested. It was found that plugs cast 
separately in mould were of no value for these 
■ tests, and had to be rejected. The plugs cut 
from drawn lead gave satisfactory results. 
These plugs were carefully measured before compression and 
again after compression, by taking the average of several 
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I measurements. The difference between the original length 

and the reduced length gave the compression caused by the 

blow of the shot in falling. The instrament used in measuring 

die plugs is the micrometer calipers shown in Fig. 39 

^L&ianufactured by Messrs. Brown and Sharp, of New York). 

This instrument is exceedingly accurate and convenient : 
reads to the thousandth part of an inch, and even this space 
can be readily divided. 

The more uniform structure of the drawn plugs, as compared 
" "i the cast, is apparent in the different appearances of the 

Q after reduction in the pressure gauge, or in the foot-pounds 




i. 39. — MICROMETKK 





The drawings (Figs. 40 and 41) show this better than 
■description. Having adopted the drawn plugs, Lieutenant 
Quinan constructed a table for converting the compressions 
of the drawn plugs into foot-pounds, or actual measures of the 
strength of explosives. This was simply and expeditiously 
done by making several series of experiments in dropping the 
shot from various heights, beginning with a half foot and going 
up a half foot at a time to about 16 feet. An average of all 
the compressions at a given height was assumed i 



I 



144 RELATIVE STRENGTH OF EXPLOSrVES. 

The height raultiphed by the weight of the shot gave th« 
foot-pounds corresponding to that particular compression. 

Diagram for MeasnTement of Pressnre. — To more] 

graphically represent the relations between the plug com 
pressions and foot-pounds, as well as for convenience in work^ 
LieuL Quinan constructed a diagram, using the compression! 
as the ordinates, and the foot-pounds as the abscissa of a 
curve. This diagram is shown on a much reduced scale, and 
without detail, in Fig. 43. 

The extreme co-ordinates are fixed by nitro-glycerine. 
The origina] diagram ai x 14 inches, has been relied upoi^ 
for converting plug compressions intofl 
foot-pounds, or units of strength. 

In using the diagram, the figures in 
the " scale of plug compressions " repre- 
sent thousandths of an inch. The 
amount of compression received by the 
plug is ascertained by deducting its 
measurement after coming out of the 
SURE OAUGE, pressure gauge from the measurement 

made before explosion. The difference 
is, of course, the compression received, in thousandths of an 
inch, rind the point in the " scale of plug compressions " 
corresponding wicli the amount of compression ascertained. 
From this point follow the perpendicular lines until the 
curved line is reached. Then from the piint in the curved 
line so reached follow the horizontal lines to the " scale of 
foot-pounds." The figure there reached is the equivalent in 
foot-pounds of the compression. 

The standard charge for this pressure gauge is 24 grains. _ 
This system gives a comparative mecisure for high explosivestM 
This pressure gauge is not, however, an accurate test for lower 
explosives. A triple charge of good black blasting jiowder 
fired with a fuse will produce a scarcely perceptible effect on 
the plug, and yet we know that this powder is capable of great 
work in certain kinds of rock. We may suppose, without an 



IC. 4J,— SE 



INITIAL DETONATION. I45 

error affecting our principle, that, in firing 24 grains of high 
explosive, the product of the amount of gas muhipHed by the 
temperature of the gases gives a number equal to the product 
of the corresponding elements in the explosion of triple the 
charge of black powder. But in one experimCTt we get a 
compression which is almost infinitely greater dian in the 
other; for in the last we get a result too small to be measured. 
It is because the third factor in our formula for explosive 
effect — time — bears a similar but inverse ratio in the two 
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PIC. 43— QUINjI 
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RELATIVE STRENGTH OF EXPLOSIVES. 

method of firing explosives which is known as the detonating 
ignHion. It consists in applying a strong local explosu 
instead of a spark or flame. 

It is especially in connection with nitro-glyceriae that this 
mode of ignition has led to remarkable results, and it was t 
suit the peculiar nature of that substance that it was invented' 
Nitro-glycerine, indeed, without that special firing, though it iK 
an explosive, is not a blasting agent, as it cannot be appliecl 
with any degree of certainty that it will go off. Not so whenc 
fired by a local explosive. It not only detonates without any 
confinement, but it affords an extraordinary facility for settii^ 
off substances which, without its aid, are absolutely inexplosive.- 
If, for instance, charcoal and nitrate of potassium are mixed 
without sulphur, they form no explosive compound within the 
ordinary meaning of that term ; but if from lo to 15 per ceott 
of nitro-glycerine is added, a local explosion, produced by a 
strong detonator or fulminate cap, will cause the almost i 
mixture to detonate with nearly the same rapidity as the nilro- 
glycerine itself. Nitrate of ammonium and charcoal, with or 
without sulphur, form a mixture so sluggish at the ordinary 
temperature, that when tried in a shell along with 6 c 
gunpowder, the explosion of the latter failed to set it c 
even to inflame it: yet mixed with 15 per cent of nitro- 
glycerine, it detonates with an extraordinary violence. Sawdust, 
bark, resin, starch, sugar, glucose, flour, dextrine, gum, &&, 
mixed with any nitrate, become, if a small portion of nitro- 
glycerine is added, most violent detonating fulminates. Nor ' 
is that all. Substances considered as absolutely incombustible 
will form explosives; for instance, chloride of ammonium, 
mixed with nitrate of potash and nitro-glycerine, will decom- 
pose explosively under formation of chloride of potassium, 
and the freed hydrogen unites with oxygen of the nitrate. 
Sulphates are very much more sluggish; but if very finely 
divided and mixed with charcoal, they also indicate a decided 
reaction, although too slow to be completed in the extremely 
short time which an explosion occupies. Chlorate of potash 
niiNed with nitro-glycerine detonates even without the presence 
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of charcoal or any other combustible. The number of organic 
compounds, soluble or even insoluble in nitro-glycerine, which 
can thus be brought to detonate is almost unlimited. 

In practice it will be found of great advantage, when blasting 

charges of ordinary mining powder, to fire them with a 

Ler of dynamite or gun-cotton. The initial detonation will 

.use a more rapid combustioa of the gunpowder, and tear the 
rocks asunder with more certainty than when the powder is 
fired with an ordinary fuze. This causes a imore gradual 
development of gases, which in some cases are not capable of 
overcoming the resistance of the rocks, and the charge becomes 

lothered without performing its work. 

This extraordinary influence which the presence of nitro- 
glycerine exercises on slow explosives, and even seemingly 
inert substances, is easily accounted for. Being a liquid, it 
comes in very close contact with the mixtures, and when the 
detonation ensues the fine layer of nitro-glycerine which 
adheres to every grain is instantaneousSy converted into an 
extremely dense atmosphere of gas, having a temperature of 
.&t least 3000° to 4000° C. Such a bath must quicken even 
the slowest combustion. This explains the great success of 
Judson's powder, where the dope is mixed with only 5% of 
nitro-glycerine, forming quite a formidable explosive. 

It is exactly the same cause which makes gunpowder bum 
■with extreme quickness in a gun, while its combustion in the 
..open air is comparatively slow. When confined the hot gas 

:umu]ates in proportion as it is being generated, and the 
ser it grows the more heat it brings 10 bear on the reaction, 

ich thus becomes almost instantaneous. 

The action of the detonator cap in setting off nitro-glyccrinc 
and other explosives is far more complicated, and not so 
easily explained. Some attribute it only to the heat produced 
by compression, some only to the heat of the gas given off 
by the fulminate of the cap, and others, again, to the dis- 
sociating power of a strong vibration. It is not unlikely, at 
least in some instances, that all those influences are brought 
to bear on the explosion, but it would be very difficult indeed 
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to compute the part contributed to each. There can be no I 
doubt as to the dislocation of certain unstable compounds by I 
vibiation alone, since the slight shock which sets off chloride I 
and iodide of nitrogen, perchlorate of ethyl, &c., cannot I 
possibly raise their temperature, even locally, to the degree 
at which they explode. Even in the case of nitro-glycerine, | 
which exhibits no such extreme sensitiveness, direct experi- j 
menis have shown that very violent vibration can cause 
it to explode. But if vibration alone suffices to set off 
nitro-glycerine, it is still less doubtful that heat alone will 
do it. Not only does it detonate by being raised to the | 
temperature at which its constituent elements, associate, but a 1 
minute charge of gunpowder, so slightly confined that tiie gas ' 
which it produces has a very feeble tension, never fails to 
make it detonate. It suffices, indeed, to apply heat in any 
shape, so that it acts upon a very large surface of nitro-glycerine, 
or then the gas evolved can no longer escape as quickly as it 
is produced, and the pressure, accumulating with immense 
rapidity, brings on the explosion. 

Nitro-glycerine preparations and gun-cotton go off easily 
under the influence of a sharp local explosion, such as produced 
by a fulminate. Two opposite tendencies are here at work, with 
one to set off the explosive, acting on it by heat, vibration, or 
whatever cause it may be, and the other to throw it away 
by the propelling impulse due to the expanding gas. Both 
must be extremely quick in operating, and it is therefore easy 
to see how a slight, apparently insignificant, difference may 
turn the scale and cause an explosion or a miss-fire. For 
instance, in grinding chlorate of potassium and sulphur with 
care in a mortar, a series of small detonations take place, 
which do not spread, but a somewhat stronger blow or friction 
will set off the whole. Evidently io one case the propelling 
power is preponderant over the igniting tendency, in the other 
it is not Even the quickest substance requires time to get 
heated, and unless the velocity impianted allows that time 
combustion cannot take place. 

Srr Frederick Abel found by repeated experiments that a 
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T;liarge of fulminate amply sufficient to set off compressed 
gun-cotton failed to explode the same material in a loose 
form ; but by twisting loose uncompressed gun-cotton round 
the cap, and securing it well with a string, so as to increase its 
density and resistance to projection, it is brought to detonate 
with great facility without increased charge of fulminate. It 
has also been found that loose gun-cotton detonates more 
readily if impregnated with quite inert substances than in its 
isolated state, evidently because the additional weight opposes 
additional resistance to motion, thus allowing time. 

The reasoning which led to firing slow explosives by local 

detonation was this ; When a hammer strikes a very thin layer 

of nitro-glycerine on an anvil, the blow produces a strong 

compression of the liquid, which liberates heat, and raises 

its temperature to the point at which it detonates. But only 

that part which actually receives the blow explodes. If, 

however, the hammer is very heavy, and the blow strong, the 

[ explosion is not confined to the part which receives the direct 

1 shock, and the whole goes off. A local detonation, owing to 

I tiie immense tension of its gas, must be very similar in action 

a strong blow, and it will thus compress the explosive 

I Kquid which surrounds it, causing it to detonate at will, and to 

I propagate the explosion throughout the whole mass by the 

L teme means. When firing large masses of ordinary mining 

I powder, or Judson powder, it is always best to use a dynamite 

I primer, as better results are obtained, owing to the more 

I rapid and complete combustion of the powders. 
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CHAPTER XIII. 

CONDITIONS TO WHICH MODERN EXPLOSIVES SHOULD \ 
RESPOND. 

CoNDiTioNS of Strength — Quick Explosion desirable for Blasting— Inlemal I 
Resistance to Detonation — Conditions of Safety — Immunity against i 
Fire — Decomposition — Leakage — Deliquescence — Unstable character 
of Deliquescent Explosives — Resistance to High Temperature — Insensi- 
liveness to Friction, Shocks, and Jars- — Resistance to Percussion, 
Concussion, and Tamping — Purity of Explosion Gases — Detection of 
Nitro -glycerine in the Human Body — Preciations during Manufacture 
of Explosives — Explosions due to External Causes — Action of 
Explosives Department of Home Olfice. 

Conditions of Strength. — The strength of a nitro- 
glycerine explosive is influenced by several things : — 

1. By the amount of nitro-glycerine present. 

2. By the amount of gas in proportion to the soliti 

matter appearing in the explosion. 

3. By the kind and character of the gases. 

With the dynamites the strength is not proportionately 
dependent upon the amount of nitro-glycerine. It will be 
found that within certain limits an increase or decrease of the 
nitro-glycerine will affect the strength of the dynamite but 
little. Any inert substances used in the explosive will appear 
as such in the explosion ; but this is not the case where the 
absorbent is an explosive base or dope, as in such dynamites 
a large amount of the power developed is contributed by that 
explosive base. An approximate estimation of this power can 
be computed by the mortar test, and for that purpose it suffices 
to make out the quantity of nitro-glycerine contained in a 
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compound, anJ compute the distance of projection to which it 
would cairy the projectile of the testing mortar. Then fire a 
shot with the compound containing the explosive base : the 
balance of projection is due to the other ingredients, and 
pcnnits of a tolerably near estimation of their relative power. 
it is trne that the gaseous products of the exploded nitro- 
glycerine and those of its explosive partner may react on each 
other, and cause a slight loss or gain of power, but it cannot 
materially alier ihe relative value of the two components. 

Quid Explosion dmrable for Blasting. — Under certain 
conditions, otherwise similar, a quick explosion is preferable to 
a slow one for blasting. The same amount of expansion is 
produced in either case, but the maximal tension of the gas 
developed may be vastly different, and on that tension de- 
pends the blasting power. For instance, roeaied gunpowder 
under certain conditions burns with a tension scarcely sufficient 
to burst a straw, yet the same substance, under other condi- 
tions, becomes capable of tearing the hardest rock. The 
difference in action is due only to a difference in the rapidity 
of combustion. 

It is therefore -clear that, of two explosives, the more 
lowetful one may, for want of quickness of combustion, be 
tthe less efficacious for blasting. It becomes then a matter 
of considerable importance to possess a ready means of 
overcoming the drawback of this slow action, and as already 
explained (page 146), the difficulty is met by means of strong 
iecal explosions, either with strong detonators or with primers. 

Infernal Resistance to Detonation. — An explosive which is 
carefully compounded with reference to the chemical relations 
of its elements, and which gives in theory a nearly perfect reso- 
lution into gas, sometimes fails to show the strength naturally 

:pected. This leads to the theory of internal resistance to 
■detonation offered hy different substances. Lieut. Quinan, in 
a discussion on diis very interesting phenomenon, remarks : 

In being converted into gas, the cohesion of the particles, 
as well as the chemical attraction which unites the atoms, must 
be overcome. Work expended in this direction is lost in 
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overcoming external resistance, or in strength, as shown by 
the pressure gauge. The work done in the drug-mill in reducing 
tlie ingredients to dust is saved to the explosive, and reappears 
in its greater efficiency in breaking rock." 

Conditions of Safety. — Immunity against fire exists 
only to a certain extent The statement that dynamite ci 
set on fire, and that it will burn away without exploding, is 
not quite correct, and is a very broad assertion. There have 
been instances where large quantities have taken fire and 
burned away without exploding, but unfortunately there have 
been instances also where large quantities of dynamite have 
been accidentally set on fire, with most disastrous results. 
Small quantities, and sometimes even large ones, may possibly 
bum away with immunity, but there is always the danger that 
the baming explosive will heat the portion not ignited to its 
exploding temperature, especially when in large masses. One 
of the peculiarities of dynamite is that it bums or takes fire at 
a lower temperature than its explosion temperature, and this 
accounts for its property of burning some time away without 
exploding. 

Daompoiition. — In order that the explosive may be kept 
and stored with safety, it must be free from any tendency to 
decompose. It will not decompose if it has been properly 
made and purified. The effect of a high temperature 
mature the seeds of decomposition, if they exist. Chemical 
decomposition is productive of heat, which sometimes leads to 
ignition and explosion. 

Decomposition, in all classes of nitrated organic com- 
pounds, may be thus accounted for : After theii nitration 
a certain portion of acid — sulphuric, nitric, and hyponitric 
— always adheres to those compounds, more or less, accord- 
ing to- their form and structure. From a liquid explosive 
substance the acids axe easily washed out, by churning it with 
water first and then with alkaline solution. It is quite clear 
that if the last traces of acids are not perfectly washed out, 
and that if especially hyponitric acid is present, which is a 
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mghly corrosive material that attacks almost every organic 
compound, even at the ordinary temperature, it has to be 
removed; if not, it will slowly, but surely, lead to incipient 
decomposition, which, acting on a nitrated substance, sets free 
portions of dioxide of nitrogen or hyponitric acid. 

From nitro-glycerine the corrosive acid is washed out with the 
utmost facility, and from the moment when the importance of 
that operation became fully appreciated it has never been 
Hence the chemical stability exhibited by dynamite 
mder al! conditions of climate. It sometimes indicates an 
1 ; but that is due to the absorbent, and not to the 
J-digbtest trace of hyponitric acid present, 

Leakage. — The most important quality for safety is that the 
nitro-glycerine shall not leak out of the powder. This is a 
practical return of the nitro-glycerine to the liquid condition, 
and if it leaks it is a failure as a safe explosive. Besides being 
& direct loss of strength, leakage is the source of a great many 

i accidents. The exuding nitro-glycerine saturates the paper 
Cartridges, the sawdust surrounding them, oozes through the 
lerevices of the boxes, gets into the holds of vessels, the floors 
fef cars, the walls of magazines, and a hundred other improper 
Places, where it may cause an unexplained accident. The 
effect of high temperature is to make the nitro-glycerine 
more fluid, and nitro-glycerine explosives are more liable to 
exudation in warm than in cold weather. 

Deliquescence. — If deliquescent salts, or other substances 
which attract moisture, are present, the explosive becomes 
i sensitive to hygrometric and thermometric changes. The 
T effect of a deliquescent salt like nitrate of soda in absorbing 
! moisture in damp atmospheres is, however, not the only 
I .aigumeut against it and similar salts, 

The theory of deliquescence involves other and more im- 
portant considerations. The great aim of any manufacturer of 
explosives should be to give a stable, reliable and uniform 
character to the powder or explosive he brings before the 
mining public If we could know beforehand the conditions 
to which each case of explosive and each individual ca.rtnd.'^ 
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in it shipped from the factory would be subjected, the problem! 1 
would be easier. If we could know that the explosive would "l 
not be subjected to atmospheric changes, the temptation to J 
use a cheap and powerful agent would be irresistible. But we J 
have no right to assume this. Explosives are frequently e»>« 
posed to the weather, sometimes frozen, sometimes heate^l 
rapidly by thawing; now rained upon, now warmed by the* 
sun's rays, now they are transported in ships over oceans wherefl 
the air is charged with a constant, penetrating dampness, and a 
during transit they undergo changes of temperatures, leaving J 
a temperate climate to cross the torrid zones of the tropics, tOa 
be carried into a temperate zone again : then to be used infl 
damp mines, and also in atmospheres heated by chemical ■ 
action in the rocks. Under these varying conditions, aal 
injurious action accompanies the use of deh que scent ingredi- 1 
ents. First, when the air is damp the explosive rapidly absorbs 1 
water, to the injury of its strength. I 

Constant atmospheric changes will act so injuriously on such I 
explosives as to spoil them entirely, A deliquescent salt, by fl 
absorbing moisture, overloads the absorbents with moisture, I 
and drives out the nitroglycerine, if such is present in the 
explosive, a loss which cannot be restored, as well as a. source 
of danger. 

In some cases the explosive compound becomes so spoiled 
that it will not explode at all, and what does the miner think 
of an explosive which will miss fire, when after many hours of 
hard labour he has drilled his hole and it fails to do its work? 
We all know that repeated miss-fires will destroy confidence in 
an explosive. 

But this is not all. There is an additional objection, the 
theory of which is best illustrated by a very simple experimenL 
Take a glass of water and place a thermometer in iL Wc 
will suppose it indicates 65° F. Drop into the water about 
half its weight of nitrate of soda. The temperature is rapidly 
reduced to about 32° F. While the salt is uniting with the 
water, a large amount of heat is rendered latent, causing a 
reduction of temperature. Supposing the quantity of water 
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feed to be one pound, this reduction of temperature represents 
work expended to the amount of about iwenty-five thousand 
foot-pounds. 

Now let us reverse the conditions. Take a quantity of the 
salt saturated with moisture, and expose it to a drying atmo- 
sphere, so that it loses its moisture rapidly. The temperature 
of the salt is now curiously elevated, for the heat rendered latent 

:fore, becomes sensible now. 

The progress of deliquescence is thus explained. The air 
^confined in the cartridge contains a slight quantity of moisture, 
which, in uniting with the salt, causes a depression in tem- 
perature, which condenses fresh moisture from the surrounding 
air, as a pitcher of ice-water condenses moisture on its outside. 
This being taken up, reduces the temperature still more, and 
brings a fresh supply, and so on. The process continues till 
airested by an outside or atmospheric elevation of temperature, 
when the action is reversed. In losing moisture, the heat 
tendered latent is given out, raising the temperature, which 
causes a fresh loss of moisture, and further elevation of tetn- 
pcrature, and so on, till a change in atmospheric conditions 
arrests this process, and induces the contrary. 

Unstable Character of Deliquescent Explosives. — Deliques- 
cence (it is found) gives two different and incompatible 
characters to an explosive in which deliquescent salts are used, 
depending upon the particular state in which it is taken : when 
absorbing moisture it is comparatively weak, and insensitive to 
blows or compression; when losing moisture it is compara- 
tively strong, and very sensitive to both. The temperature being 
already elevated, a slight blow will raise it to the exploding 
point The compression given by the tamping-rod in compact- 
ing it in the bore-hole may be sufficient to cause a premature 
explosion. These qualities render it unfit to bear climatic 
changes, and especially dangerous in warm or drying weather. 
Its constant subjection to chemical action gives it a character 
of instability conducive to disasters in handling it An 
explosive which is safe to-day and dangerous to-morrow is the 
,IQOst dangerous of all explosives. 
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From what has been said, it will be seen to be not only I 
essential that all explosives should respond to the conditions J 
enumerated, as to 

Safety against _/&■« and high temperatures ; 

Safety against friclton, jars, and shocks ; 

Safety against percussion, coTicussion, and tamping; 

Safety against leakage or liquefaction; 
but that they stand also the heat test of Sir Frederick Abel : and'fl 
last, although not least, all explosives should stand the test ofm 

Temperature. — The effect of heat on all explosives is to bring I 



\ 
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them nearer their explodiog-points, and thus to increase 
their sensitiveness. This heat makes a slight saving of work 
in explosion — so that all explosives are a little stronger in 
warm weather. The exploding-poiat of nitro-glycerine is given 
by Hill at 356° F. Gunpowder is 560" F, The danger of 
deliquescent ingredients is not in lowering the firing-point 
of nitro-glycerine, but of elevating the temperature of the 
explosive to a dangerous approximation to this point 

Insensitivertess to Friction is so general with nitro-glycerine 
explosives, that it might be classed with their general properties, 
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PERCUSSION AND CONCUSSION. IJ/ 

[■and this quality is doubtless due to the action of the nilro- 
I .glycerine, which has all the attributes of an oil as a lubricant. 

The test for friction is to rub the powder between two sand- 

L paper surfaces. One piece is tacked to a board lying on the 

round, the other to a block of wood with a long handle. 

^ig. 44- will show the test better than with any description. 

Shocks and Jars. — Safety against shocks and jars implies 

f several different qualities, which, though allied, 

\.KK. not identical. 

PercHBaiou. — By percussion is understood 
the blow received by the explosive when it 
is struck between hard surfaces, or by a body 
moving with very high velocity. To test the 
sensitiveness of an explosive as to its resist- 
ance against percussion, Lieut. Quinan has 
proposed the apparatus shown in Fig. 45, 
which may be called a percussion gauge. 

It consists of a hammer of dense wood, 
with a steel rod inserted in its lower end. 
This hammer slides freely up and down in 
guides set ia a heavy block of wood. The 
anvil consists of a second steel rod, which is 
set vertically in the block, directly under the 
hammer. The slide is graduated to tenths of a 
foot. The weight of the hammer being known, cussicin gauge. 
the blow is easily estimated in foot-pounds. 

To get a measure for any particular explosive, a pinch is 
placed on the anvil, and the hammer dropped from increasing 
heights until a complete explosion is obtained — the anvil 
being cleaned and a new pinch used for each blow, For 
perfect accuracy, the quantity of explosive should always be the 



ConcQBSlon. — By concussion is understood the shock 

delivered by transmission through air or other medium inter- 

I vening between the powder and the source of disturbance. 
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Nitro-glyceme, as a liquid, can readily be exploded by a shocfc 
so transmitted. There is danger in producing an explos 
sensitive to concussion, and this sensitiveness increases in pro- 
portion to the amount of nitro-glycerine present, or the relariv& 
approach of an explosive to the liquid condition. This quality 
can be easily tested by placing cartridges on the ground at 
certain distances one from the other and exploding one by 
means of a cap, and if the cartridge lying at a certain distance 
from it should explode, this second explosion is the result c 
concussion, and the explosion is called a sympailutit: exjilosio 
or explosion by sympathy. 

Tamping. — Sensitiveness to compression is not identical 
with the properties already considered. The difference can be 
illustrated in this way : With a resilient explosive, a thin 
layer placed on an anvil will yield an explosion under a blow 
which wili not affect a thicker layer, A pasty explosive 
the contrary, shows nearly as much sensitiveness in mass as in 
small quantity. Safety against compression is one of the t 
valuable qualities an explosive can possess, since it enables the 
miner, without risk, to properly fib his bore-hole, and to get 
the requisite concentration of power. An explosive which can 
be tamped freely will be found much more economical in use 
than one which is too sensitive to be tamped at all. 

The apparatus (Fig. 46) used to test this quality is simple, 
and at the same time unequivocal as to results, A slide similar 
to the one used in the foot-pounds machine was prepared for 
the shot of the pressure gauge. A piece of iron gas-pipe, 
about 2^ ft. long, its lower end stopped with an iron plug, was 
fixed vertically in the slide, and supported on a block of iron. 
To make the test, cartridges of the explosive are slipped into 
the pipe, and a short wooden tamping-rod placed on them. 

The shot is then dropped from increasing heights upon the 
end of the rod, giving more or less compression, depending 
upon the heights and number of blows. The weight of the 
shot being 34^ lbs., the energy of the blow in foot-pounds is 
easily calculated. 
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. Purity of Explosion Oases. — Theory tells, and practice 
proves, that at very high temperatures no complex chemical 




combination can exist. Hence nitro- glycerine, when it ileto- 
iiaies, must split up into carbonic acid, carbonic oxide, water, 
and nitrogen. It is difficult to explain the re 
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plaints arising from the use of modern explosives in mines on 
account of bad fumes, tliough of their existence there can nO- 
longer be any doubt, and the poisonous element consists oV 
hyponitric acid. But such fumes are never the products of a 
rational use of the explosive substance, and it is quite evident 
that hyponitric acid can never escape decomposition in an 
atmosphere of 3000° C. or more with combustible elements in 
presence. 

It does not. But when a dynamite cartridge bums instead 
of exploding, the combustion takes place at a much lower tem- 
perature, and the nitric acid contained in the nicro-glycerine 
gives off only part of its oxygen, forming dioxide of nitrogen, 
which escapes, and in contact with the atmosphere gets con- 
verted into hyponitric fumes. It is easy to become convinced 
by actual experiment of the different atmosphere produced bjr 
a cartridge when burning or exploding. In the worst-venti-' 
lated tunnel twenty cartridges may be detonated without as 
much molestation as is caused by the burning of one. 

An excess of explosives in bore-holes should also be avoided, 
owing to the quantity of gases produced, as it will be found 
in practice, that if the quantity of explosive is proportionate to- 
the amount of work it has to do, the gases produced are not so 
obnoxious as if an excess of explosive is employed. 

I have known of cases of as])hyxiation from imperfect ex- 
plosions, and it is imperative, therefore, that proper attention 
should be paid to ventilation in workings where large quantities 
of explosives are fired. 

Perfect Detonation.— Tlie frequent occurrence of bai 
fumes in mines proceeds from the general mistake of not 
securing the detonator cap to the fuze, and the fuze to the 
cartridge. In charging, the miner under such circumstai 
easily draws fuze and cap out of the cartridge, leaving them 
separated, so that the cap cannot possibly exercise its deto- 
nating influence. What then takes place is this. Pan of the 
dynamite burns, emitting hyponitric fumes, and part generally 
explodes under the influence of accumulating heat and pressure. 
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Thus the charge goes off, but with a far inferior effect to that 
of a proper detonation, and with emission of a great deal of 
red fumes of hyponitric acid. A perfect detonation is requi- 
site, and strong exploders ought to be used in preference. In 
practice it will be found best to use the triple-force caps, even 
if single force insure a good explosion. 

Detection of Nitro-glycerine in the HumEin Body. 

— The poisonous character of nitro-glycerine has already been 
referred to. If in any case the death of a person should 
be suspected to be due to this substance, the following 
method will serve to ascertain the existence of nitroglycerine 
m the body. Parts of the body, liver, intestines, &c., are 
extracted with ether or chloroform ; a few drops of the extract 
:i.re placed in a watch-glass, mixed with two or three drops of 
^iniline, evaporated until ether (or chloroform) and water have 
gone off, and to the residue a drop of concentrated sulphuric 
acid is added. If nitro-glycerine is present the contents of the 
watch-glass will assume a crimson colour, due to the reaction 
between aniline sulphate and nitric acid, the latter having been 
liberated from the nitro-glycerine. 

Preoautiona during Manufacture of Explosives.— 
That the manufacture of explosives is dangerous is obvious, 
for many reasons. The frequency of accidents shows the 
danger which exists in their manipulations, and even with the 
greatest care and most proper supervision they cannot be 
wholly avoided. Dr. F. H. Jenssen, in an able paper on the 
subject, says that accidental explosions can be traced either to — 

1. Improper construction and faulty arrangement of the 
works and machines ; 

2. Carelessness on the part of the workmen ; 

3. Maliciousness. 

In making nitro-glycerine there is a danger of firing in the 
converter or nitrating apparatus, and after that comes the 
danger from overheating when the nitro-glycerme is precipi- 
tated. As the acid nitro-glycerine is very sensitive, and ciecom- 
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poses at ioo° F., it is essential that the charge in the converta 
should be run into a very large body of water, and that thia 
water should be changed as soon as possible. Under no 
circumstances should acid nitro-glycerine be stored over-night. 
Care should be taken that the pipe lines between the tanks do 
not cross or approach near steam or hot-water pipes. Acci- 
dents arise from the wash waters, since they carry nitro-glyce- 
rine partly in suspension and partly attached to the solid 
impurities in the water. For economy's sake, as well as 
avoid accidents, arrangements should be made to catcb 
much of this as possible before discharging the water ; but 
where the water is run off, it should be led through earthenware 
or lead pipe by the shortest line to the river, bay or well, 
wooden conduits are used, they become saturated with nitro- 
glycerine and acids. Hence they should be well covered to 
protect them from the sun, which causes decomposition. 

The effect of the sun's rays was seen at one factory where no 
provision had been made to catch the traces of nitro-glycerine, 
and where the wash waters ran a short distance over a sandy 
beach before entering the river. The result was that on a hot 
summer's day red fumes were observed rising from the ground, 
and a heavy explosion soon occurred. 

Even where wells are used, there is danger from these wash 
waters. For instance, at a factory where these waters were led 
through a ditch in rocky ground, it was found that considerable 
quantities of the explosive had accumulated in the fissures in 
the rock. Numerous unsuccessftil efforts were made to ren 
this, and finally the ditch was dammed, so as to keep the 
explosive covered with water. Several years after, the ditch, 
was struck by lightning, and an explosion ensued which damaged 
the buildings in the vicinity severely, and hurled large masses 
of the rock to considerable distances. From the sensitive 
nature of acid nitro-glycerine, it naturally follows that the 
recovery of the spent acids is attended with great danger. 

During a visit to the Pembrey works in Wales a few years 

ago, I saw that the precaution was taken to lead the wash 

aters to a pond wbich was " torpedoed " once a week — that 
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is, a charge of dynamite was lowered to the bottom of the 
pond and fired, thereby exploding any nitro-glycerine which 
had been carried there by the wash waters. This (in the light 
of previous experience just cited) was a very wise measure. 

In the making -of the dynamite, there is little danger if the 
absorbent is itself a safe one, and is not too warm, and the 
proper precautions regarding the use of metal tools are taken. 
The buildings should be heated by hot water or steam, and the 
pipes so covered as to prevent the dual from setthng upon 
them, or, if it does settle, they should be frequendy cleaned. 
This dust is a constant source of danger, especially in the 
making of explosive gelatine, where nitro-ceilulose is used in 
the dry state and finely pulverised. In all the rooms, the 
windows should be shaded, to prevent the direct sunlight from 
fallmg on the explosive. Similar precautions are to be taken 
in the packing department. 

Among instances of mahciousness, a case in point occurred 
where a quantity of tips from phosphorus matches had been 
placed in a bag of infusorial earth, and were not discovered 
until the eaith had been made up into dynamite. 

Explosions due to External Ca,UBea.—Afr. L. J. Lt 

Conte holds that dynamite catastrophes are intimately associated 
with electric phenomena. He has for the past ten years noted 
the circumstances attending the accidental explosions which so 
frequently occur on the Pacific Coast of North America, and he 
has found that, with the exception of such as occur during 
thunderstorms, the explosions take pbce during the violent, 
desiccating, north-wind storms peculiar to the winter and 
spring months in California, but occasionally happening in 
midsummer. 

These winds (it must be remembered) have a velocity of 
50 miles per hour, and a relative humidity of about 20 per cent., 
but frequently as low as 15 per cent., though seldom as low as 
5 per cent. During the prevalence of the winds a prodigious 
amount of electricity is developed by the friction of clothing, 
especially when walking against the wind. One can ttiwi 
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easily generate a spark half an inch long. The phenomenon : 
also strongly marked in horses at work, the electricity causin 
their manes and tails to bristle to a remarkable extent Mr, I 
Conte finds in this electricity the exciting cause of these expli 
sions, and in the dust that prevails in the works, the medium 
through which explosion is propagated, a dust explosion always 
preceding the explosion of the mass of powder. The explosions 
occur on the third or fourth day of the storm. 

To test his theory, he made four predictions in i88 
1883, and in each case an explosion of considerable magni- 
tude occurred. To guard against these accidents, he suggests 
the use of steam jets, such as have been so successfully applied 
in cotton and flour mills, and in coal mines. 

As explosions during thunderstorms are caused by the re- 
turn shock, it should be a fundamental precaution that all 
good conductors of electricity be prohibited from entering any 
building where explosives are stored or manufactured ; and 
would be a wholesome rule not to allow such conductors to be 
anywhere near the premises. 



Too much stress cannot be laid on the great services ren- 
dered by the Explosives Department of the Home OfRce 
elucidating the causes of accidental explosions, and the reports 
of CoL Majendie, H.M. Chief Inspector of Explosives, and 
the other members of the Department, clearly demonstrate that 
through the searching investigations of these officials a degree 
of knowledge has now been gained in the art of manufacturing 
explosives, by which, if absolute safety is not guaranteed, at 
least the best precautions which human ingenuity can suggest 
have been introduced ; and the decrease of accidents in this 
country proves, that the efforts of the Explosives Department 
have not been without beneficial results, in lessening the dangers 
incident to the manufacture of explosives and their use in the 
arts and otherwise. 




GENERAL DIRECTIONS FOR USING DYNAMITE. 
Grades of Dynamite — General Rule for its Use — Materials for t 
Blasting — Drill Holes, Chiiges, etc. — Charging with Cartridges^ 
Priming — Tamping — Explosion of Blast — Miss-shots — Frozen Dyna- 
mite — Safe mode of TliBwing — ^Precautions. 

Dynamite is the article among modern explosives which is 
now best known and mostly in use. The American name for 
it is Giant Powder. 

There are, or ought to be manufactured at each factory, two 
grades of dynamite, No. i and No. 2, also a No. 3. 

No. I is more powerftil than No. 2, and, when gelatinised 
is not affected by water. It is also much more expensive. 

No. 2 is about three-fourths as strong as No. r, but is weak- 
ened by water if kept in contact with it too long. 

For the very hardest work, and for cases requiring long 
exposure to water, I recommend No. i ; for all other cases, 
No. 2* 

As a key to a clear understanding of the peculiar nature of 
dynamite and success in its use, I give the following general 
rule and explanation : — 

Hale. — Let it be put into close quarters, and held tliere by 
tlu most unyielding barricades or confinement at command. Let 
there be no vacancies about Ike charge, and let all its sur- 
roundings be as compact, heavy, and incompressible as possible. 

The explosion of gunpowder {it may be explained) proceeds 
progressively by combustion, and its gases gradually accumu- 

• See ' Modem High Explosives,' " Dynamite No, 2," V3.S,e 6l. , 



1 66 



DIRECTIONS FOR USING DYNAMITE. 



late until the resistance to them gives way. This yielding, io^ 
almost every case, takes place before all the powder is burned, ' 
so that any vacancies are filled with gas at the maximum J 
pressure or density, and no effect is lost. But d>Tiamite does 1 
not thus explode. Explosion does not take place by com-f 
Ijustion, or progressively; it takes place instantaneously, and 1 
all parts of the charge decompose simultaneously, thus making! 
the initial pressure the maximum one. Hence every vacancy^ 
withdraws gas sufficient to fill it, and thereby weakeos the! 
effect accordingly. 

Therefore leave no vacancy about the charge. 

materials for use in Blasting. — Cartridges. — 
cases where dynamite is used I recommend cartridges. 

are easy to handle, and ready for use, 
form shown in Fig. 47. The regular siZ' 
are from 4 to 8 inches long, and from J to ■ 
2 inches in diameter. Cartridges of the 
proper size to suit the diameter of the 
bore-holes are preferable, but the miner 
can load the largest hole with the smallest 
cartridge by slitting them on the side, as 
shown in Fig. 48, and pressing them down 
in the drill-hole with a wooden tamping-rod. 



10.48. 



Caution, — In tamping powder or explo- 
ivcs, always use a wooden rammer. Never 
ise an iron or steel bar with any explosive. 



From the nature of the substance, dynamite cartridges may 
be readily cut into such lengths as may be required, 

C(j/.(,— The regular cap or exploder, from a triple to a. 
sextuple force cap, is employed to effect the explosion of the 
dynamite. 

Caution. — If you value your fingers and do not want to hse 
them, do net go "fooling with the cap " because you want to see 
" w/iat is in it," or " what it is made of" 
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DRILL-HOLES, CHARGES, ETC. 

Fuze, — Use the better quality of fuzes, the best is always 
the cheapest, aJid as dynamite is often used under water, or \ 
water employed for tamping, I recommend the best double , 
tape fuze for regular use. Single tape may be used where you i 
know your ground is only a little wet. 

Nippers and Pinchers. — A very convenient little tool for 
cutting fuze and pinching the cap to the fuze is shown in. J 
Fig. 49. By means of the notch Sj, the fuze is cut, and wheu I 
the same is inserted in the cap, as shown in Fig. 50, with the;, I 




notch S, the upper part of the cap is squeezed tightly on to 1 
the tiize 2. 

This is a necessary precaution, as caps which are not | 
lightly squeezed on to the fuze often fail to explode. 

FuTtnel. — A tube with a funnel mouth will be useful i 
charging with loose powder, 

Drill-holea, Charges, &e. — As to the diameter and depfli 
of holes, where they should be made, the direction they should'! 
take, the quantity of powder or explosive to be used, and many! 
other matters, no precise rules can be laid down for blastingj^ 
with any explosive. In these things there must be vaiiatiomB 
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accordmg to the location, character of the material to be blasted, 
the purpose of the blast, and other circumstances too numerous 
and complicated to anticipate. Much must, therefore, be left 
to the good sense and experience of the blaster. 

The following observations and examples will afford sonae 
assistance : — 

As a general rule, the drill-holes and charges for dynamite 
can be and should be comparatively small. 

In heavy work the holes should be large in size and less in 
number, and the amount of dynamite should be in proportion 
to the work to be done. 

A small quantity in a deep hole, whether the hole is large 
or small; also a small quantity in a large hole, whether the 
hole be deep or shallow ; also a large quantity in a small but 
deep hole ; also a large quantity in a large but shallow hole, 
are all examples of misapplication. They are all violations of 
the general rule applicable to all explosives — fAif Ihe quantity 
of explosive ihouid not only be proportionate to the resistance, but 
tjie hole should be proportionate to tlie explosive, or t/ie explosive 
to the hole. 

Owing to the great difference in the capacity between the 
old powder and the new explosives, the tendency will be to 
overcharge ; it is, therefore, recommended that each blaster 
experiment on this point, so far, at least, as to ascertain the 
minimum quantity of explosives which will answer his particular 
purpose. 

Charging with Cartridgea — The charge must fit and 
fill the bottom of ihe bore, and be packed solid. This is an 
essential pre-requislte to an effective blast. The best way to 
secure it is this : Take a cartridge as nearly as possible of the 
same size as the bore, and cut it into sections of about twice 
or three times their diameter. With a hard wood rammer, as 
large as will run freeiy in the hole, press these sections into 
the bore-hole one by one with sufficient force, until each 
section is driven to the bottom and expanded laterally, so as 
to fill the hole solidly in every direction. If the cartridge is 
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smaller than the hole, slit it leogthwise. Any size cartridge 
may be used, provided it is thus put in {see Fig. 51). 

Caution. — Metallic ravimers must not be used. 



Priming. — The primer consists of the cap with the fuze in 
It imbedded in a cartndge of the explosive The cap may be 
inserted directly into the charge, only it it. liable to get out of 
l-lare K comenient way to prepare a primer is this : — Cut 
off squarely the end of the fuze and thrust it into the cap up to 
the fulmmate If the fuzt is too Krge, scrape it down, and 
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if too small, wind it with paper. Then clamp tlie cap to the 
fuze with the nippers, being careful not to disturb the fulminate 
in the cap (see Fig. 5a). 

If for a wet hole, smear the junction of the fuze and cap 
with bar soap or the like, to make it water-tight. 

Now open the end of a cartridge, and wilh a pointed slick 
make a hole in the explosive and insert the cap (with the fuze 
attached) the full length of the cap, and press the explosive 
firmly about the cap. Next gather the cartridge paper about 
the fuze and tie it there strongly with a string, so that the 
cap cannot be withdrawn from the explosive (see Fig. 53). 
Cut off so much of the cartridge as is not needed, and the 
primer is complete. 

Thus prepared, place it in the drill-hole, and press it with 
a wooden rod into contact with the charge. 
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In cases where whole cartridges are required liiey may be 
attached, as in Fig. 54. 

Tamping. — Tiiis is of great imporlance. The idea prevails 
to sotne extent that dynamite " strikes downward" more than 
upward, and that tamping is useless. This is mere idle talk. 
Always tamp if you can, and with tlie best materials at hand 
and in the strongest manner. 

By reason of its quickness, dynamite will do a good deal 
without tamping when gunpowder would do nothing, but this 
is no reason for rejecting tamping. 

In deep and down holes water makes an excellent tainp. 
A shallow tamp of water amounts to but little. A shallow 
tamp of sand, brick-dust, or clay is much better. 




In driving and packing the tamp next to the primer, be 
careful not to explode the cap ; the first handful of tamping 
should always be pressed down gently. 

In fissures and artificial cracks, surround the charge with 
mud, clay, sand, or water if possible. 

Explosion of Elast.^ — In most cases it is better not to cut 
off the required length of fuze until the hole is charged and 
tamped. Then cut it off" at a safe length, and fire. Set fire to 
the fuze with a match or fusee : the burning of the fuze explodes 
the cap ; the explosion of the cap explodes the primer or charge 
in which the cap may be. All the other cartridges or charges 
in the same hole are exploded by the first explosion of the 
primer (see Fig. 55). 

Miss-Shote. — In case the blast misses, remember that the 
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MISS-SHOTS. 
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cap is charged with fiilminate, and must not be trifled witl 
Tlierefore, take out the tamping to within two or three incht 
of the charge, put in another cartridge, fire it, aad its explosio 
will set off the main charge, unless the explosive had becom 
frozen in the bore-hole. 

Caution. — Never pick cut a shot ef powder or dynamite, t 
it is always attended with more or less danger. 

I have always followed the practice, aiter inserting i\ 
primer, to take a piece of old newspaper, make a ball ■ 
it and push it on top of the primer and then put in th 
tamping. If the shot misses fire and the tamping has to t 





FIG 55 1 E 

scraped out, as soon as the scraper reaches the paper I kno 
I am near the explosive; and simple as this precautionai 
measure is, it prevents the scraper from coming in conta 
with the fulminating cap. 

To ensure explosion, the djnamite must not be froze 
The fuze must be good, and be kept in the cap the c 
must be kept dry, and not be withdrawn from tht. e\plosu 
Therefore, if there is a miss bhst find out tht cause if jt 
can, so as to avoid it afterwards, and look for the cause in 01 
of the five things named. 

A space of several inches, either vacant or filled, betwet 
several charges or cartridges ia the same hole, will not prevei 
the simultaneous explosion of all. 
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In case the blast is not effective, it will be because the 
directions have not been followed, or because the blaster has 
erred in some matter left to his discretion. The most 
common causes of failure are deficiency of the explosive and 
defective tamping. Never spare the explosive because it is 
dear ; put in enough to make good blasts, and then, if dynamite 
proves too expensive, leave it and use common gunpowder again. 
I will repeat here again, that the great advantage claimed 
for the modern explosives consists, not so much in dimim'shing 
the cost of the explosives as an item of expense, as in in- 
creasing the amount of work accomplished. The difference in 
the cost of high explosives and of powder, respectively, is 
trifling in comparison with the difference in the cost of 
drilling, charging, tamping, convenience in wet work, and 
effectiveness of blasts. 

DjTiamite, as a general rule, throws rock less and breaks 
it more, and extends its effects much deeper, than ordinary 
blasting powder; and those who use it soon learn not to 
judge of a blast by first appearances. It frequently happens 
.that a blast which seems to have had no effect proves to have 
done remarkable execution in cracking and loosening the 
rock, and preparing the way for subsequent blasts. This is 
especially the case in tunnels and shafts. 

Frozen Dynainite. — Dynamite freezes more easily than 
water. When frozen it is hard and cannot be loaded properly 
into bore-holes, and is difficult of explosion. It must be 
thawed. 

In doing this we encounter one of the peculiarities of the 
powder, and almost its only practical danger. 

You can set dynamite on fire or bum it up without causing 
an explosion, but you must never roast, toast, bake, or fiy 
it. That is, you must not bury it in embers or hot ashes, nor 
put it in an oven or kettle or other heated vessel, or on boilers 
or other heated metals, nor set it up before a fire, or expose it 
to any strong radiation of heat. It must not be thawed or 
heated rapidly. 
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There is but one safe mode of thawing It, which is to 
keep it in a kitchen or other room at summer heat, and away 
from tile fire, until it is soft. It is then ready for use. 

It is better lo keep it, during cold weather, where it will 
not freeze at all. A dry, warm cellar or deep mine will 
protect it. 

If these directions are disregarded an explosion of more or 
less intensity is liable to follow. 

Dynamite manufacturers generally supply special thawing 
apparatus, which are portable tin or metal pots surrounded with 
a water-jacket to hold v/aira water. 

Precantions. — Never attempt to thaw frozen dynamite by 
roasting, toasting, or baking it. Never put it in heated vessels 
or on boilers, or before fires or heated metals. 

Never put a cap into a charge or primer until you are ready 
to use it. After it is made, never let a primer leave your 
hands until it is in the hole. 

Keep the caps away from the dynamite. Never let them 
come near each other, except when used. 

Never allow smoking or other fire near the powder, or 
explosive, as it bums rapidly, and especially when loose, anil 
may fire caps incautiously left near by, and thus bring on an 
explosion. 

Never use a metallic rammer. 

Do not get nitro-glycerine on your fingers. It will be 
absorbed by the skin, and give you a headache. 

Invariably prepare your primer at a distance from your 
explosive. 
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CHAPTER XV. 

EXPLOSIVES IN PRACTICAL APPLICATION. 

Epvicekncv of Dynnmite in removing Tree Stumps and Boulders— Blast- 
ing Tree Stamps — Blfisling Boulders — Sinliing Wells — Breaking Ice- 
Breaking Boulders — RemoYing Piles under Water — Roclt Blasting — 
Tunnelling and Blasting In Headings — Musconetcong Tunnel — Tan- 
nelliiig wilt Hind Lnbour— Kanigahiitle Tunnel- Pfaffenapning Tunnel 
— Blasting Large Mines — Underground Drilling with Compressed Air. 

If properly used, ciynamite will take out stumps of large trees 
and break up masses of rock more economically than can be 
done by any other means. In most cases the stump is removed 
almost entirely from the ground and torn in pieces. The 
boulders are broken, so aa to be easily removed. 

BlEsting Tree Stumps. — Find with a crowbar the best 
place lietween the roots to get under the body of the stump. 
Do not be afraid of the uphill side : this may require a httle 
more digging, but will afford a better tamp. 

If the stump is not too large, a single cartridge, i\ by 
8 inches, well situated and carefully tamped, will take it out 

If the stump is large and deep in thegrotmd, the hole must 
be larger than will be made by the crowbaaf', 

Dig down by the side of the stump, then make a horizontal 
hole under the bottom of the stump as near the centre as 
possible, and just large enough to receive the explosive, 
disturbing the natural earth as little as possible. Place the 
explosive close to the wood ; then put in the primer and tamp. 

The tamp in stump and boulder blasting is of the utmost 
consequence, much more so than in bore-hole work. The 
following directions can be varied according to circumstances : 



BLASTING TREE STUMPS. 
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After putting the chaise and primer in place at the bottom 

^ of the hole and in contact with the stump, ram in a little clay 

or compact dirt, and then wet it, or use mud for packing. 

I Thus fill up the entire opening. If the charge is well under 

[ the stump, this will do ; but if it is not — if, as is frequently the 

I 'case, the 'charge is only partially under, and especially if it is 

on the lower side of the stump — make a dam (the larger the 

better) about the mouth of the hole, and fill it with mud or 

water. 

Remember that the barricade should be as compact and 
i heavy as practicable. Therefore loose gravel, sand dirt. 
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loam, stones, etc., etc, are of little service. Water or mud, or 
dampened clay, and plenty of it, is the best. 

If the stump has a tap or peg root, put the charge well 
down and close to this root. 

Fig. 56 shows a stump which was removed by blasting ; it 
was a green white-oak stump, 30 inches in diameter, with roots 
(ieeply bedded in the ground. To have cut out and dug out 
this slump, with axe and spades, would have been a hard day's 
work for two or more good men. A hole was punched 
beneath the stump, as shown in the figure, with an iron bar, 
so as to reach the centre of it. Two of the cartridges were 
placed beneath the stump, and were tamped with some earth ; 
EL pail of water was then poured into the hole, which had the 



i 



EXPLOSIVES IN PRACTICAL APPLICATION. 

-effect of consolidating the earth around the charge. The 

due was then fired. The result was to split the stump into 
numerous fragments, and to throw it entirely out of the 

lund, leaving only a few shreds of roots loose in the soil, 
result is shown in Fig. 57. The fragments of the stump 
■were tiirowQ to a distance of 30 to 50 feet, and many smaller 
ones were carried over 100 feeL The quantity of explosive 
consumed was not less than two pounds. 

One useful effect of the explosion consisted in the breaking 
up of the stump into such pieces as could he easily sawed 
into firewood; by which much after -labour in breaking it 
up, when taking it out in the usual manner, was saved. This 
test was perfectly successful, and proved not only the thorough 
effectiveness of the new method, but its economy in cost and 
in time. Several other stumps were taken out in the same 
manner, the time occupied with each being from five to 
ten minutes. Smaller stumps were thrown out with single 
cartridges, but in not one case was anything left in the ground 
that might not be turned out with the plough, or that would 
interfere with the ploughing of the ground." 

Blasting Boulders, — If you can get the charge under 
the rock in the manner directed for stumps, tfo so. If it 
cannot be placed directly under the boulder, place it as nearly 
so as you can. Also try to get your charge against the flat 
or hollow side of the rock, and not against the swell side. 
Wherever the charge may be, see that it is well supported and 
surrounded and burdened with water, mud, damp clay, or some 
other compact and weighty material. 

Where there is a crack or cleft, unless it is either too wide 
or too narrow, it may be made serviceable. The cleft should 
be packed with damp clay or mud up to the point where the 
charge is to be. Lay the charge and primer in their place, 
and fill and pack the balance of the crack with clay or mud in 
liken 



• For further informalion on the subject see ' Modern High Explosives,' 
chapter vi., " The Applicalion of High Explosives in AericuUuie." 
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WELLS — ICE — BOULDERS. 1 T] 

Sinking Wells, &o. — Make a hole with the crowbar to the 
depth desired, put the chaise at the bottom, tamp well, and 
fire. The etfect is perfection : the harder the ground, the better. 

Breaking Ice, — If the ice rests on water, place the charge 
in the water under the ice, and in contact with it. If the ice 
is apart from water, it must be dealt with according to practice 
for either a drill-hole or a boulder. 

Breaking Boulders. — In a case where a rock of about 150 
cubic feet, and weighing about 10 tons, was experimented upon, 




' ttie shape of the rock before explosion was as shown in-Pig. 58. 
A hole was made with the bar in the ground beneath the 
rock, and three cartridges were inserted and exploded. The 
result is shown in Fig. 59. To have produced this by the 
ordinary method, sucJi as was here done in a few minutes by 
one man, would have occupied at least two men with drills, 
stedge, etc, two or three days. 

The application of this method is seen to be of great value 
where the saving of time is an object. An acre of stumps or 
rocks may be cleared in one day by one or two men, and the 
material left ready for use as firewood, or as stone for fences 
or buildings. The cost in money is also reduced in some 
cases very considerably, and almost absolute safety to the 
careful operator is ensured. It would be generally advisable 
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to secure the services of an expert, and that the parties who 
have work of this character to be perfoimed should jointly 
engage such a man who could either do the whole work, or do 
it in part, and instruct a foreman or skilful workman sufficiently 
in a day to perfotm .the remainder. The most favourable 




seasons for operating upon stumps and rocks are spring and 
autumn, when the ground is saturated with water. It should be 
explained that this explosive is not injured by water, although a 
long-continued exposure to it would aifect some qualities of it. 

Removing Piles under Water.^A method of procedure 
in this case, which has been devised by M. Trauzl, the Aus- 
trian military engineer,* is represented in Figs. 60, 61 and 6z. 
• See ' Die Dynamite.' Trauil, Vienna. 



BLASTING UNDER WATER. 
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Twenty-foui wooden piles, which had to be removed, were 
fixed (see Fig. 60) in the river-bed of the Danube, near Vienna. 
The piles were cut off with the saw just above the level of 
the water, bored to a depth of 12 feet with an auger 1^ inch 
in diameter, and each hole charged with one pound of 
djTiamite, The dynamite charges were in tin cylinders, and 
provided with detonators having electric fuzes (Fig. 62). The 






bore-holes were tamped with water, and the charges were 
fired by electricity. The explosion brought all the twenty-four 
stakes simultaneously to the surface, and each stake was com- 
pletely torn to about 18 inches in height from the bottom ol' 
the charge. 

The expense was about one-fifth of what the usual mode 
of extricating would have cost. 

A very interesting example of applying dynamite toa woodetv. 



I 
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stump under water is represented in Fig. 63. It was removed 
from an arm of the Danube neat Vienna. It measured about 
' 3 feet in diameter at the top, which reached about So inches 
above the water, and was very rotieti. Three holes were bored 
vertically downward to depths of 4^ feet, 8 feet, and SJ feet 
respectively, and about ij: inch in diameter. The boring of 
each of the deeper holes lasted four and a half hours, and the 
third three hours. Each hole received a chii^e of one pound 
of dynamite, packed in water-tight tin cases, The result of the 
explosion was a complete loosening of the ground in which 
the stump was imbedded, so that its removal by mechanical 
means was perfectly easy. 

Where there is no necessity for removing a stake from 
below the ground, and it is sufficient to get rid only of such 
portions as stand In the water, no bore-hole is required ; the 
external application of a dynamite cartridge is enough to 
effect the removal. The method represented in Fig. 64 was 
applied in a case where the current of the water was so 
powerful as to prevent the simple laying on of the cartridge. 
The latter, c, was fastened to a wooden hoop &, of somewhat 
larger dimensions than the stake a; the hoop was then 
attached to two strong wooden poles. 1/, if, and then pushed 
over the stake down to the bottom of the river. A cartridge 
containing one pound of dynamite employed in this manner 
broke off stakes of an average diameter of i foot.* 

Bock Blasting. — Rock blasting has to be resorted to 
in almost all mining operations, such as quarrying, tunnelling, 
shaft-sinking, railway cuttings. In all such work the bore- 
holes have to be applied in such a manner that the explosive 
may act towards the line of least resistance, or the shortest 
distance from the bottom of the hole to the nearest open face. 

If we have an open face c/. Fig. 65, as a rule the bore-hole 
a i should not fonnan angle with the face exceeding 45°, Where 
ordinary gimpowder is used, if the angle is too great the result 

• See 'Modem High Explosives': "Subaqueous Blasting,' pp. 323 
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5 shown in Fig. ( 




will be that the liole wilt not be bottomed, a 
at/ 

In a rock formation, as shown in Fig, 67, the bore-hole a b 
ought to be parallel with the face i df\ and in this case the 
whole blocks a d/ ought to be thrown out by the explosion 
of the charge. 

The effect of a shot may be influenced, among other con- 
siderations, by — 

I, The sliape in which the rock is presented, the size and 
number of the open faces, the shape of the piece it is desired 
^^"Jo take out (if that is an object), and, of course, primarily, the 
^B^ze of the cross section of the face, if it is heading work. 

or loose, whether it is brittle or tough. Thus experience 
gained in blasting close-grained, hard granite, trap, gneiss, etc., 
would not apply to limestone, sandstone, slate, etc, 

3. The structure of the rock, as to whether it is laminated, 
stratified, or fissured, upon its cleavage, etc., and upon whether 
it is massive or broken, etc 

In tunnelling when the strata dip' downward toward the face, 
hence toward the miner, the breaking-in is started at the roof. 

If the strata dip from the face; the breaking-in must be 
.started at the bottom. 

. The elasticity of the rock. 
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5. The explosive used. 

6. 'Whether the hole is to act alone, or simultaneously with 
or following others. In the case of simultaneous firing, the 
question arises, as to how the waves of oscillation will best act 
in concert. "^ 

7. The character of fuze and tamping.* 

These rules do not apply to blasting with gunpowder only, 
but may be safely utilised also for high explosives. 

In blasting out cuts, work has (in most cases) to be begun 
on a horizontal plane, or on a slightly inclined surface. For 
this purpose a series of shallow holes are bored — as at a, a, a. 
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rig. 68— whose crater faces are enlarged by the application of 
another series of holes, i, b, h, and then by c, c, c. When this -" 
enlargement has reached the depth i//and the plane f h, we 
proceed in a similar manner till we have obtained the dej^th gj 
and the plane/ k, and so on to/ / and / m. 

In tliis way we produce the step-like face d,f,j, /, m, and 
the number of miners can now be increased, taking care 
always to file shots first on the lower benches, as otherwise 
the debris from the upper benches would bury the lower ones. 
If working on an. inclined plane, like Fig. 69, the work is 
commenced by blasting out with short bore-holes,/^. // i '"■ 
a, d e b, and opening up proper faces like h 
'Modern High Eiploaives'; "The Principles oil 
263. ^ 
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which permits of a systematic attack with deep holes after- 
wards. Another advantage gained by this method is, that 
several benches can be worked simultaneously, offering great 
economy in time and money. 

Tunnelling and Blasting in Headings — The sjstem 
adopted by Amencan railwiy contractors m drivmj, railway 
tunnels is to advance hrst with the heading the full width of 
the top arch and then to follow up with the bench work m 
such a way that the heading work does not interfere with the 
bench work. It consists m first blasting out an entire wedge 
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f or core the entu-e height of the heading, and about 10 ft deep 
^^t the centre, and subsequently squaring up the sides by several 
rounds. 

Mnsconetcong Ttinnel.— This work— which is being cut 
through syenitic rock, on the Lehigh Valley railway at Easton, 
in the State of New Jersey — may be described in some 
detail as an instance of American practice.* Twelve holes are 
first drilled, by means of rock drills run with compressed air, six 
on each side, in pairs of two and two, as shown in Fig. 70 at 
C, A being the floor of the heading. These twelve holes are 
drilled with from i^ to aj in. "bits," the holes bemg on the 
• See Drinker on ' TonnellioE-' J. WQey & Sons, New York. 
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face g ft. apart, but are drilled convergingly one towards the 
other, and at such an angle as to meet or cross at the bottom, 
the largest bits being put in first. This permits the con- 
centration of the powder charges near the vertical centre line 
of the tunnel within the line of least resistance. 

Fig. 71 shows the heading in plan, with the rock drill H 
mounted on a carriage boring drill-hole C to meet at an angle 
the drill-hole C. 

When the twelve holes are bored, they are then charged with 
about 25 !bs. of No. i dynamite, and 50 lbs. ofNo.i, and are fired 
simultaneously by electricity. No. i dynamite is only used for 
the centre cuts, inasmuch as in them a quick, strong explosive 
is required, comprised in a small bulk at the bottom of the 
holes, where the greatest resistance will be found, while the 
No. 2 added serves for fiUing the holes, so starting the sides of 
the cut as the apex moves. The centre cut being out, a second 
round of holes is started for the first squaring up, as shown by 
the numbers, 1, i, i, i, and eight holes are bored nearly in a 
parallel direction with the centre holes C ; these are loaded with 
No. 2 dynamite and fired. In the subsequent rounds, 2, 2, 2, z, 
and 3, 3, 3, 3, the resistance is pretty equally distributed along 
the whole length of the holes, and is also, of course, not so 
great as in the cut ; therefore No. 2 dynamite is used. 

In the first and second squaring-up rounds, from 50 to 60 lbs. 
of No. 2 dynamite are charged, and in the third from 80 to 90, 
the holes getting stronger as the arch falls at the sides ; there 
are generally also one or two additional roof-holes in the third 
round that are not shown in the figure, their position being vari- 
able, according to the lay of the rock. The top holes in the first 
round are also designed to bring down any roof not shaken by 
the centre cut blasts, and are, therefore, given a strong angle 
toward the centre, and always drilled from 12 to 1:4 ft. deep. 

The horizontal projection of the above holes is shown in 
Fig. 83, and as stated before, C, C are the centre cut holes ; 
I, 2, and 3, the square-up holes. As to their relative depth, 
the holes of the first squaring round are always drilled a foot or 
more deeper than the cut holes, and when blasted they generally 
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bring out a foot additional of shaken rock at the apex of Iho 
cut. The following calculations will approximately show the 
number and depth of holes required, and the dynamite used for 

ia lineal advance of 10 fL in heading iv 
I iz centre holes at 10 ft. 6 in, each, givii 

I 8 1st sq. up holes al 



ing 126 ft. (n) 
96 ,. I*) 

96 >. k) 



i6 holes giving 408 „ {/) 

(a) total depth of holes, charged with 25 lbs. No. I and 50 lbs. No. : 
„ „ 55 „ No. z d;Da,mitc. 



dyll. 



{/) total depth, chfli 



■ged with 25 ibs. No. I and 359 lbs. No. 2 dynan 



I 



Now, allowing the cut holes to be loi ft deep, the cut will 
generally blast out about g full ft, linear, which, as explained 
above, is raised to 10 in the subsequent rounds. 

Assuming the average cross section in an 8-ft. heading to be 
about 17s fL for a hneal advance of 10 ft, 65 cubic yards of 
rock would be broken, which would give an average of, say, 
/^ lb. No. I, and 4 lbs. No, z dynamite burnt, and a little 
over 6 ft. of holes drilled, per cubic yard broken. 

This, however, it should be noted, would often be increased 
by occasional block or side holes, and is assumed for a case 
in which no holes are supposed to have missed, and in which 
no secondary drilling and blasting are required 

The above estimates are based on ordinary 10 ft cuts; there 
were, however, many instances of 12 and 13 and sometimes 
14 ft cuts taken out by ambitious foremen ; but even dynamite 
has its hmit of strength, and working cuts too deep is not 
advisable, as they will often only blow out partially, leaving the 
rock in an awkward shape. 

The " bench work," as the rock enlargement is termed, is 
kept from 400 to 600 ft. back of the heading, so avoiding any 
interruptions at the bench from heading blasts, and allowlo^ 
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plenty of room for handling and switching trucks, also fi 
backing the machines to a safe distance from the face whe 
blasting. 

Figs. 72 and 73 show the method of blasting adopted i 
enlarging the rock. First six top holes, froni 12 to 13 ft. dee^ 
are drilled and blasted ; their relative position is shown ii 
Fig. 74, which is a horizontal projection of the heading: J 
being a centre line B the sides of the enlargement, B' sides a 
the headings C face of bench 12345 and 6, the dril 
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holes. These six lift most of the rock ; what is left is broken by 
several horizontal lines shown by B in Fig, 72, in which A is 
the top carriage with the drill mounted, and B the bottom 
carriage with drill. 

These two sets of holes, top and bottom, will average a linear 
advance for the bench of 9 ft., the following being a fair estimate 
of the number of feet driUed and powder burnt for 9 ft. advai 

6 lop hole^ at 13 fi. depth, or 79 d. toial depth, charged wilh 63 lbs. No, a dynai 
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The total height of the cross section adopted for the tuonel 
through rock, from lower sub-grade (1-75 ft. below base of rail) 
to roof, was 20-15 *^ ! "'*!* an S ft. heading-off, this leaves 
about iz ft of a bench, with an area of 306 sq. ft, which gives 
about I02 cubic yards to a lineal advance of 9 ft., or r-05 lbs. 
No. 2 dynamite, and i-i ft of holes drilled to i cubic yard of 
rock broken, holes being drilled with from ij to aj ia. bits, the 
largest bits being put in first. 

Tun n elling with Hand Labour.— When similar work 




[ FIG. 74.— FACE or 



is done by hand labour, the system generally adopted is the 
following ;^ 

In the centre of the face, F^. 74 and 75, three holes are 
drilled inclining one to the other ; some miners bore one central 
hole, but the result is not so satisfactory. These holes are each 
aj ft. deep, and should be fired simultaneously by electricity, 
which tears out a cone in the centre, shown by the dotted lines 
in the figure, and around this cone another series of holes is 
drilled, concentric with the opening in the centre. These 
shots (2) are fired again simultaneously, then we proceed with 
series 3, and at last the bottom shots of series 4. 

In driving a tunnel having a small cross section, such as is 
^ shown in Fig. 76, eight holes are bored i ft. to i^ ft, in depth, 
and they are all fired simultaneously by electricity. 

Another example is given in Fig. 77, reptesentm.*^ ^ 'sqmSi 
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tunnel, say 6 ft. high. Three holes are tlriUed around the 
centre as shown in the figure and inclined one to the other at 
stich angles that the bottoms of the two lower ones nearly meet, 
the third upper hole inclines downward. These three central 
holes are fired simultaneously by electricity. The central 
breaking-in hole being produced, the enlargement holes are 
placed as shown in the hgure. 

the methods employed 




vary according to circumstances, and the following examples 
exhibit some of the best works which have been executed 
during the last twenty years. 

Tunnel at KonigBhiitte, Prussia. — This tunnel was 
driven through very hard sandstone, and the engineer, Hugo 
Miinch, gives an account of the system there employed. 
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"• The rectangular section measured 2 m. lo in height, and 
3 metres in width. Nine boles were drilled, as shown in 
Fig; 78, they had a depth of o m. 90, and had a yery slight 
inclination. 

The holes numbered i to 6 were each charged with 150 
grams of nitro-gelatine, and the other three on top with 140 
grams each. The oidinary Biclcfoid fuzes and fulminate caps 
were used for firing. 

Shots I, 3, and 3 were first exploded, which [woduced a 
breaking in o m. 75 in depth, and o m. 60 in height ; then 4, 5, 
and 6 were fired, cauwng an enlargement from o m. 90 to i m. 40. 




At hst the shots 7 8 and 9 brought down the rock up to (lie 
roof 

One thousand five hundred kdograms of gelatine were con- 
sumed m executrng the work If djmmile No r hid been 
used each bore hole would have required 280 gnms per load, 
making a consumption of 2510 kilograms, against i^oa k. of 
gelatine. The economy in the explosive was in the proportion 
of 3 to 5, and there was a real economy of iq per cent., taking 
tlie price in German marks at 4^ and 3 for the two qualities. 

Ffaffenspning Tunnel. — This was in hard granite, 2 m. ao 
high and 2 m. 50 wide. Six holes were drilled as shown in 
Figs. So and 81. The holes measured o m. 073 in diameter. 




I 

I 



EXPLOSIVES IN PRACTICAL APPLICATION. 

and I m. 50 in depth ; and were drilled parallel with the axis 
of the tunnel The charges consisted of nitro-gelatine cartridges 
o tn. 070 in diameter, and o m. 100 in length, and weighed 
joo grams each. 

Blasting in Large Mines. — For engineering works of 
great magnitude, where large masses of rocks should be 
moved at low cost, the most economical method is to make 
excavations into the quarries and there accumulate a large 
quantity of explosive, which is fired simultaoeously. 

In such cases a chamber is generally excavated at the end 
of a gallery, the length of which depends on the effect which 
it is desired to produce. The gallery is driven in zigzag, to 
avoid the charge blowing out the tamping. The dimensions 
of the gallery should be as small as possible, and only 
sufficiently large for one man to work in them. 

The explosives are piled up in an excavation made at the 
end of the gallery, several primers of dynamite are introduced 
into the charge, and the whole well covered over with bags of 
earth or sand up to the roof of the tunnel, so as to ensure a 
good tamping. The excavation is now walled up in masonry 
and well packed in with debris, so as to ensure that the 
explosives are under close confinement 

Blast of Rock at Genoa. — In 1884 the Italian Dyna- 
mite Company fired [on this principle a large blast in the 
port of Genoa, and particulars of the operation have been 
published,* 

It was a question of blowing up a rocky hillock, a, D, /, C, 
Fig. 82, situated in the port of Genoa, and located betweea the 
lighthouse and the inner basin of the harbour. There had 
previously been excavated from the slope of the hill quite a 
cut, leaving exposed a steep face 20 to 26 metres in depth, 
and the bluif above was supported only by eight pillars. The 
pillars, I, 3, 3, 4, to the left, were so weak that they were 

* In a report issuer! in Italy by the Sodeta del DfnamitE di Aviglianit. 
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hardly able to bear the weight of the superincumbent rock 
mass. That portion of the hill which is shown in section in 
Fig. 83, rested to the right on the middle pillar 5. In the bend 
of the hill to the right of the quany, the pillars 6, 7 and 8 
(supported the hill. 




: a height of about z8 metres (see Fig. 84) a tunnel was 
driven horizontally, but inzigzag, as shown in Fig. 85. Its dimen- 
sions were i m. 50 high by o m. 90 wide, and at each turn, the 
bends which made the zigzag were cut at right angles. At the 
end of the gallery a well was sunk, 8 metres deep and 1 metre 
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in diameter, which at the bottom was so enlarged as lo form a 
mine chamber of 5 cubic metres contents. 

To make the charge, sacks coated with paraffin were 
employed, and they held each 42 kilograms of dynamite. A 
line of workmen was ranged along the tunnel, and they passed 
the sacks one to the other, to the underground mining overseer, 
who placed the sacks in the mine chamber, pressing them 
tight one against the other. After lie had placed one layer at 
the bottom, a box with gelatine dynamite was placed in the 
centre, containing two primers, one provided with an electric 
fuze, and the other with an ordinary Bickford fuze. The 





J 


f^ 


"Ss 




^n 


i 






s_.' 







3. 84.-SE 



mine was now filled with a total weight of 5000 kilograms 01 
dynamite, and sacks filled with sand were placed on top of it 
to fill the chamber, then loose sand was poured in till the 
shaft was completely filled for its total depth of 8 metres. At 
the tunnel end pieces of timber were piled up, and on ; 
coating of cement. At every turn of the zigzag a barricade 
of timber was built up, which was walled up with masonry, so 
as to ensure the complete confinement of the explosive. 

The result on firing the mine was the complete breaking up 
of the hill-side up to the contour lines a, b, c, d, e, /, shown ii 
Fig, 8z, and the cubage of rock loosened by the blast wa 
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esHinated at i3o,ooo cubic metres. There was no pio- 




T7ndergroaiid Drilling with CotnpresBed Air. — In 
most mines where a large output of mineral is obtained, the 

" For furlhcr informaiion on Ihe subject of big blasts, the reaciei is 
tetened to ' Modern Ui^'h Explosives,' pp. 271 to 393, where the details 
of such work ate fully eiven. 
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drilling is done by machine drills, owing to the rapidity w 
which these perforators work in comparison with hand labour. 

In tunnels and shafts these drills are clamped to iroo 
columns which are easily mounted and dismounted, but whca 
stoping either " overhead " or " underhead," the drill 
mounted on a tripod, which also can be shifted easily from 
one place to another. Fig. 85 shows a cross section of an iron 
mine in the State of New York. 

Galleries are driven on various levels along the foot aoi 
hanging walls of the ore body, and which all connect \ 
one main central working shaft. 

These galleries run parallel with one another, and at stated 
distances, about every 200 feet, are connected by means of cross- 
cuts driven transversely through the ore body, which varies from 
40 to 60 feet in width ; this ensures thorough ventilation ; 
communication through the mine. A', A' show the longitudinal 
galleries along the second level ; B', B' along the first level.j 
D, D are the cross-cuts. After the cross-cuts are completed^' 
breaking down the ore from oi'erhead is commenced, am 
accumulated ore remains on the mine floor, except such surplus 
as can be well spared, the broken ore occupying more spac 
than the solid vein stone. The drill goes upwards in proportion' 
as the ore heap accumulates in the mine, as is shown in the 
figure. 

To support the mine, occasional pillars are lefl standing 
There also are shoots built up of timber carried along the foot 
and hanging walls through which the mineral is dropped into- 
the galleries below, and from where it is carried on cars to the 
central hoisting shaft 

Ore is mined by this system at 50 per cent less cost than by. 
hand drilling, and as one drill can do more than many ininei 
could effect by hand labour, the output of the mine JK 
proportionately greater. 




CHAPTER XVI. 

APPLICATION OF ELECTRICITY IN FIRING MINES. 

Economical Value of Blasting by Electricity— Sir Frederick A 
y^ — Electric Blasting Apparatus— Magneto Machine No. 3 — Directions 
IH for Blasting— I nSuence of Heat on the Conductivity of Gutla-percha- 
^1 covered Wire. 

Those who have most carefully studied the question of blasting 
by electricity are most earnest in praise of the method and of 
its economical value. 

A very little thought will make apparent the greater effect 
which can be produced by firing simultaneously a number of 
blasts, instead of firing them singly, while a little experience 
will teach that even in firing single blasts by this apparatus 
much can be gained. One advantage gained in firing single 
holes is, that in case of miss-fire (which happens rarely by this 
method) no time is lost in waiting, as in the case of firing by 
safety fuze there would be before approaching the work. There 
is no " hanging " fire. 

A second advantage is, that the explosion of the electrical fuze 
at the bottom of the charge, where the priming cartridge can 
be placed, throws the fire through the whole body of the 
powder, igniting it all at once, and by detonation, giving the 
same charge by far greater explosive effect, as has been fully 
demonstrated by experiment 

Another advantage is, the explosion of an electric fuze at the 
bottom of charge produces the first rupture in the rock at 
bottom of the hole, leaving the tamping perfectly tight, and 
confining all the explosive gas until the dynamite is completely 

KQSumed and its force expended in loosening rock. h 
-A 
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When firing is done with a common fuze, the first point of 
rupture in the rock is often near top of charge, which often 
leaves a large part of the hole unruptured, the drilling of which 
and the powder it contained was a total loss, for tf it had 
exploded it would have burst everything around the hole. 

The following test, devised by Sir Frederick Abel, illustrates 
very well the different behaviour of gunpowder with the deto- 
nating mode of firing : — 

" Three small iron cylinders of inch steam pipes, each being 
5 in. in length and having a cap screwed on one end, are 
bedded in the earth, with the open ends level with the 
surface. 

" In the first is placed a charge of fine-grain gunpowder, 
which is (ired by an electric fuze, primed with mealed powder. 
The powder explodes with a dull report, leaving the cylinder 
in its place and uninjured. 

" The second tube contains an electric fulminate fuze, the 
remainder of the space being filled with sand. On firing this 
tube is bulged and cracked a little, but not moved. 

" The tliird tube contains the same quantity of powder as 
was used in the first one, but it is fired by a fulminate fuze 
similar to that which was used in the second tube. 

" In this case the report is sharp, the cylinder is torn to pieces 
which are scattered about, and the earth in which it was 
imbedded is thrown out so as to leave a considerable cavity." 

When the charge is very large, it is best, indeed, to place 
several fuzes at different points, as it is obvious ihat, whether 
using fulminate fuzes or others, a great advantage is obtained 
by a simultaneous firing of the powder at different points 
instead of firing at one end. 

The now well-known effect of the ignition of gunpowder in 
a confined space is to suddenly convert its solid substance into 
a great volume of fiery gases of a powerfully expansive nature, 
which will either speedily find release by rupturing the walls 
which confine them, or almost as speedily be again resolved, 
in great part, into a liquid having no expansive tendency. 

It is known, too, that a certain though very small interval of 
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lime is taken in the passage of the fire through the whole mass 
of a charge of powder, proportioned, of course, to the size of 
the charge, its density or compactness, and also, in some 
degree, to other qualities. 

It is also well known that the speed of electricity is many 
thousand times greater than that of fire passing through any 
substance whatever, being by corap^irison instantaneous. 

It will readily be seen, therefore, that a great advantage is 
had, when a charge is fired at many points, and the whole 
converted into these violent gases simultaneously, over firing 
at one point, with a comparatively gradual production of the 
rupturing force. 

Electric Blasting Apparatus. — The machine for blasting 
by means of an electric current which finds the greatest favour 
at the present time is a magneto-electric instrument of small 
size, weighing only about 16 lbs., occupying considerably less 
than half a cubic foot of space, and sold in America at 
25 dols. 

It is constructed on the Wheatstone and Siemens principle, 
having a magnet of the horseshoe character, of iron, wound 
about with coils of insulated copper wire ; between the poles 
of the magnet there is fitted to revolve an armature of cylin- 
drical construction, carrying in its body other insulated wire 
coiled longitudinally, as to the cylinder. 

The rapid revolution of the amuture, by suitable means, 
generates and sustains in the machine an accumulative current 
of voltaic electricity of great power, which at the moment of its 
maximum intensity is, practically, switched off to the outside 
circuit in which are the fines, and in the interior of each fuze 
the ignition is accomplished instantly. 

In magnetic iron mines the "frictional" machine fails 
through diversion or dissipation of the electricity, but the 
"magneto" there works perfectly well ; and in submarine or 
very wet work is also superior, as imperfect insulation is not 
always an obstacle to its successful working. 
K The Magneto Maehim No. 3 here described has fired fifteen 
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fuses — the current of electricity having been conveyed throu! 
one-quarter of a mile of bare iron telegraph wire in the water 
at the bottom of a canal, the fuzes also being immersed. 

The capacity of the machine is for about 12 or 15 holes, 
tjiough under wholly favourable circumstances many more can 
be fired. The interior arrangement is shown in Figs. 86 and 87. 
A is the principal magnet ; B, the armature revolving between 
the poles of the principal magnet ; C, the loose pinion, its 
teeth engaging with the rack bar, and by clutching also 
engaging with the spindle of the armature on the downward 
stroke (only) of the rack bar; D, the spring, which wheit< 
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struck by the foot of the descending rack bar, breaks the 
contact between two small platinum bearings, and this causes 
the whole current of electricity to pass through the outside 
circuit,— the leading wire and fuzes ; E, the two platinum 
bearings, one on the upper face of the spring, the other on 
the under side of the yoke over the spring ; F, the commutator. 
The " commutator" is a thin ring of copper like a section of 
a tube, or would be so were it not divided by a saw cut on each 
side into two equal parts, which are fastened upon a hard 
rubber hub. The commutator has pressing upon it (on the 
outer surface of the ring) two copper springs. These should 
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press firmly upon it, and its surface must be kept bright and 

In the course of time, particularly if the machine should not 
have been used, this surface may become tarnished, then it will 
be necessary to make it bright. Rubbing with dry emery 
papter will serve the purpose. Also, small particles of the ■ 
copper, the result of the wear of the ring or the springs, may 
fell into the crevices between the two parts of the ring. If 
these crevices become filled with dust of copper, the result will 
be to weaken the effectiveness of the machine, as it is necessary 
that the two parts of the ring should be insulated, and this is 
the reason of the hard rubber hub. 

In order to cleanse this ring or commutator, the rack must 

be taken out of the case, which can be done by removing the 

small pin near the lower end of the same. Then the interior 

works of the machine, with the shelf on which they rest, can be 

moved partly out of the case — far enough for the purpose. 

J Having done this, remove the springs which press upon the 

I commutator, and then remove the yoke which holds in place 

1 the spindle upon which the comniutator runs, when the latter 

i can readily be cleaned and replaced. 

In very few of the machines has there been any necessity 
found for this cleaning process, and these minute directions are 
I given, not because they are very likely to be needed, but to 
[ save to the person using a machine the trouble and delay 
' ca,used by having to return it to the makers, from perhaps a 
'great distance. The spindle bearings front and rear will need 
I oiling occasionally. 

Fuzes. — The platinum fuze, which is used with the magneto 
i machine, is shown in section in Fig. 89, nearly of the actual size. 
A is the shell, of copper, having a raised rim, thrown out 
[ from the Inside, which holds the sulphur cement more firmly 
I in place ; B, the chamber containing the charge of explosive, 
t composed mainly of fulminate of mercury — very powerfiil ; 
IC, the fuze wires, of copper, entering the shell, having a 
\ covering which is a partial insulator sufficient for all ordinary 
I .purposes ; D, the bare ends of the copper fuze wires, projecting 
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above the sulphur cement and into the charge ; E, the s 
platinum wire, or bridge, soldered to and connecting the tw 
ends of the fuze wires : this is heated to redness or combustiofi 
by the passage of the electric current ; F, the sulphur cement 
holding the fuze wires firmly in place. 

The fuzes commonly in use have wires of 4, 6, and 8 fa 

in length ; any required of greater length of wire are speci 

made. Those in general use are all of cotton-covered wi 

but gutta-percha covering is sometimes required. This nice^ 

of insulation by gutta-percha covering 

however, is not needed for general ^ 

but only where blasting is to be done iQ 

deep water — probably, indeed, not then, 

unless several fuzes are to be fired' 

simuluneously through a great length c 

submerged wire. 

Leading Wire. — Enough wire is neededi 
with each machine to make two leaders, 
of sufficient length to reach from the blast 
to a safe distance for the person to stand 
who is to set the machine in operation. 
Five hundred feet is the quantity usually 
adopted, but in some cases a thousancL' 
ELECTRIC FUZE. havc been used. 

Connecting Wire. — This is sold in coils 
of one or two pounds weight, and is used in connecting 
the fuzes with each other where several charges are to be fired 
simultaneously. 

Wire Reels. — As after use the leading wires may become 
entangled, and to facilitate the playing out of the wires when 
preparing them for use and in shifting them from blast to 
blast, a little apparatus is used called the blasting wire reeL 
It consists of a strong hard wood box, with a double red 
inside, so adjusted that, by means of a connecting rod on the 
flaaige of each wheel, easy and speedy connections can be 
made with the battery in use. To this rod the leading wire 
is permanently connected, and is always ready for use. It is 
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but the work of a moment to run out as much leading wire as 
is wanted to connect the battery, and fire ; and then as quickly 
wind up again. The reel by means of a strap is carried around 
the neck of the man. 



Directions for Blasting. — A fuze should be used with 
the wires attached, of such length that the ends may protrude 
from the surface after the hole is charged, the fuze head being 
in the centre of the charge. 

Tamp with dry sand, or in such a manner that the wires 
may not be cut or the insulated covermg upon them be 
injured. When pll the holes to be fired at one time are 
tamped, separate the ends of the two wires in each hole, joining 
one wire of the first hole with one of the second, the other or 
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free wire of the second with one of the third, so proceeding to 
the end or last hole. 

If the wires attached to the fuzes should not be long enough, 
use connecting wire for joining. All connections of wires 
should be by hooking and twisting together the bare and 
cUan ends, and it will be best if the parts joining be bright 
(Fig. go.) 

The charges having all been connected as directed above, 
the free wire of the first hole should be joined to one of the 
" leading " wires, and the free wire of the last hole with the 
Other of the two leading wires. The leading wires should be 
long enough to reach a point at a safe distance from the 
blast — say two hundred and fifty feet at least. (Fig. 91.) 

All being ready, but net until Itu men are at a safe distance, 
connect the leading wires, one to each of the projectinij, ?k.v^'«'s 
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on the front side of the machine, through each of which a hole 
is bored for the purpose, and bring the nuts down firmly upon 
the wires. 

Now, to fire, taking hold of the handle for the purpose, lifl 
the rack (or square rod toothed upon one side) to its full 
length and press it down, for the first inch of its stroke with 
moderate speed, but finishing the stroke with all force, bringing 




the rack to the bottom of the box with a solid thud, and the 
blast will be made. 

Holes which are fired simultaneously should not be more 
than their own depth apart from each other; thus, if the holes 
are 6 feet deep, they should only be 6 feet apart. 

It is advisable to place the priming cartridge with the 
electric fuze in it at the bottom of the hole, and leave several 
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inches of the wires protruding out of the hole 
take care not to rub the wires. 

Fig. 92 represents a blast of three holes, each 6 feet deep, 
ready to fire in the bottom of a shaft thit ma> be many 
hundreds of feet deep. \s soon as the operator m the house 
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pushes down the operating rod, all the holes will fire simul- 
taneously, and the result will be as shown in Fig. 93. 

Influence of Heat on the Condnetivity of Gtitta- 
Percha-covered Wire. — The subjoined remarks on this 
subject by y. M. Koskrsils, Lieutenant-Colonel of Engineers 
in the Austrian Army, will be found of practical value : — 

It will be well to mention (he says) in advance, that the 
influence of heat is deleterious to the igniting effect, aud &« 
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reason of tliis is in the diminution of the insulating power of 
the gutta-percha. 

" Schellen, in the year 1870, in his book 'On the Electro- 
Magnetic Telegraph,' says that when gutta-percha is cleansed 
of its impurities it possesses great insulating power, which 
decreases with an increase of temperature. Its conductivity 
at ao° C. is twelve times greater, and therefore its resistance to 
electricity is twelve times less than at o" C. At that time no 
experiments had been made to determine this phenomenon 
exactly, and its influence on its application to explosive 
purposes. The impression prevailed at that period that the 
igniting power was not influenced in any way. 

" Water was considered as an element against which the 
greatest precautions were to be taken, but subsequent ex- 
periments disproved this supposition, even if the copper wire 
was deprived of its insulation in some places. Not alone was 
it proven that the conducting power of the copper wires is 
unimpaired by water, but that during very hot weather water 
affords the greatest protection for the wires. That the igniting 
effect during hot weather is considerably diminished is beyond 
doubt, as this fact made itself felt during every experiment 
carried out during the hot weather, 

" At first the supposition existed that the deleterious effect of 
heat acted only on the electric apparatus, in consequence of 
the rarification of the air, and this was partially correct. 

" Later experiments have proved thai the fault is with the 
wires. The experiments which finally solved this question 
were finished in the year 1875, and publications of that year 
recommended as precautionary measures the prevention of the 
crossing and touching of the leading and return wires, whether 
they are insulated or not insulated. There was also another 
danger to be feated, which was if the connecting wires between 
the different mines should touch one another. 

" These connecting wires should not be viewed as a part of 
the main conducting line, but they should he considered as a 
part of the arrangement where the equalisation of the electricity 
takes place. In case these connecting wires should touch one 



I 



GUTTA-rERCHA-COVERED WIRE. 



205 



I 

I 



another, and if in consequence of a high temperature the insu- 
lating power of the gutta-percha should be diminished, at the 
point of conUct an adjustment of the two electricities takes 
place which greatly influences the igniting effect, which under 
certain conditions may result in a miss-fire of ail the mines, 

" If, for example, we have such an arrangement as in Fig. 94, 
in which A is the leading and B the return wire, while tlie 
dots I to 7 indicate as many mines, 
and if the connecting wire 2 and 
3 should cross 6, 7 in o 6, then it 
may happen that the equalisation 
of electricity on the road i , 2 and 7 
may take place, and the mines 
3, 4, 5, 6, be excluded from the 
passage of the electric fluid and 
miss fire. Therefore the greatest 
precaution is necessary to avoid . 
contact of the connecting wires, I 
as well as of the leading and return 
wires, 

" A case in point took place 
during the experiments with a new * " 

electric apparatus, in which a fic. 94.— conductino wires. 
complete miss-fire of the fuzes oc- 
curred. This led to a detailed investigation of its causes. 
The experiment took place on the 7th of August, 1874 ; 
temperature, 20° C, ; humidity, go per cent; barometer, 
753 mm. Owing to a rainstorm the atmosphere was charged 
with moisture, and was sultry ; the temperature of the air 
was high. The uncertainty of the weather necessitated making 
the connections of the fuzes in a hut. The number of fuses 
was 114. The space was limited, and a contact between a 
number of the connecting wires could not be avoided. On 
closing the circuit only two fuzes exploded, nearest to the 
leading wire. A repetition of the firing met with a similar 
result, to the great surprise of those present. An examination 
of the electric apparatus proved its complete efficiency, an^ 
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ihe leading and return wires showed no interruption in the 
continuity, but it was decidedly proved that the hut for t' 
fuze arrangement was too small, and it was impossible, owi: 
to want of space, to completely insulate die connecting wir 
so that their contact was unavoidable, 

" The fuzes were now taken into the open air, and the t 
made immediately on the spot caused the explosion of all t] 
connected fuzes, 114 in number. Further experiments, 
were carried on io the open air, always caused the explosioi 
of all fuzes. 

" It may be mentioned here that the wooden hut wa 
saturated by the rain, and that some of the connecting 1 
touched on some large nails, and in this way, by means c 
the wet boards, a dispersion of the electricity into the grouoi 
may have also taken place. This supposition was likewia^ 
strengthened by the fact, that in the experiments carried 
on in the open air some connecting wires were purposely 
placed in contact with others, and a complete explosion 
still ensued. Of course the temperature had cooled down 
somewhat, the grass was wet in which the wires were placed, 
which cooled the wires, and in consequence the condition; 
for the passage of the electricity in the open air were 1 
favourable. 

"The following experiments were carried out by the military 
committee in Vienna in the summer of 1875, during the hot 
days on the ist, and, and 3rd of July, when the temperature 
stood at 29'' to 35° C; the moisture varied between 70 and 
6a per cent; the barometer showed only 720 mm. 

" The apparams, contrary to the usual precaution taken with 
them, were left exposed during the whole day to the influence 
of the extraordinary heat, as well as tJie fuzes and connecting- 
wires, whereby the insulating power of the gutta-percha was 
considerably diminished. Whereas, during the forenoon, the 
apparatus had a power of firing from 50 to 100 fuzes, on 
the afternoon of the first day the number was reduced to 30, 
and on the afternoon of the second and third days only 
2 3 fuzes would explode. 
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" To find out the cause of this diminutioE of effect, the fuzes 
were put down again in the hut, and the effect raised at once 
from 4a to 60, The same effect was obtained on putting 
the connecting wires into troughs of water, and they were 
connected with an apparatus which had been exposed for a 
whole day to the rays of the hot sun. This experience has 
again demonstrated the weakening effect which heat exercises 
both on ihe apparatus and wires, and has also shown tliat in 
placing the wires on the ground or on water, or even by simply 
covering them with a bad conductor of heat, a good protection 
is offered, and the precaution must also be taken cot to expose 
the apparatus unnecessarily to the influence of heat. 

"The experiments subsequent]/ made on the loth of August 
led to the adoption of certain precautionary measures for pre- 
venting the defects caused by heat on the igniting power of 
apparatus and wires. Attention has to be drawn more to the 
connecting wires than to the leading and return wires, and 
that especially in those connecting wires which are very close 
together, an equalisation of electricity may take place, whereby 
the firing effect is diminished or partly destroyed. By avoiding 
all contact of the connecting wires, the results obtained were 
entirely satisfactory, as from 100 to 150 fuzes were exploded, 

" Heretofore the cause of imperfect firing was assigned to 
defects in the apparatus, but these experiments show that it 
was also the improper application of the connecting wires." 
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CHAPTER XVII. 

USE OF EXPLOSIVES m FIERY MINES. 

Sir. F, Abbl on the Prevention of Fire- Damp Enploriona during Blaf 
— A New Method of Exploding Charges in Fiery Mines — Compre 
Lime Cartridges for bringing down Coal. 

The use of explosives in coal mines, particularly 
having fiery seams, is a matter of special interest to all who 
concerned in the manufacture and utilisation of explosi' 
It is a recognised fact, that ordinary explosives cannot 
employed with safety for blasting purposes in coal mines, whi 
there is more or less fire-damp distributed throughout 
workings. Fire-damp necessitates the exclusion of flame, 
we know that every explosion is accompanied by an outbi 
of flame. Coal-dust, also, greatly adds to the dangers 
from the existence of fire-damp in a coal mine, and may ev( 
cause explosions, which would not take place but for its presence. 
This question of fire-damp and coal-dust explosions was felt to 
be of such paramount importance, that new regulations on the 
subject were incorporated in the Coal Mines Regulation Act 
of 1887, which no doubt will prove a great benefit to 
workers in coal mines. 

The Prevention of Fire-Damp Explosions dnring ' 
Blasting. — The whole subject of prevention of such explo- 
sions has been admirably dealt with in some lectures delivered 
by S> Frederick Abel before the Institute of Civil Engineers. 
For lack of space I can only repeat some of the most prominent 
points which have a direct bearing on the subject of safety 
blasting, as expressed by this eminent scientist He says ^ 



Act 
thU 



L >. 



PREVENTION OF FIRE-DAMP EXPLOSIONS. 209 

" Formidable danger frequently attends the employment of 
blasting-potvder in coal mines, on account of the flame which 
generally attends, though to a variable extent, the firing of a 
shot tamped in the usual manner j and especially on account 
of the large volume of flame which is projected to a considerable 
distance, either when a blast-hole is overcharged, or when the 
preponderating strength of the material operated upon gives 
rise to what is termed a ' blown-out shot,' the tamping being 
projected from the hole like a shot from a gun. 

" The Royal Comraissioaers recognised the dangers fre- 
quently attending the use of powder in coal mines, and the 
extreme difficulty of effecting any important diminution of 
those dangers ; and they devoted much attention to the question 
whether it might he possible to discover any powder substi- 
tute, or any method of using such substitute, which would 
secure immunity from danger due to the presence of coal- 
dust and fire-damp in the localities where blasting had to be 
carried on. 

" Even if undiluted nitroglycerine is exploded in a shot-hole, 
the high temperature has the effect of raising to incandescence 
particles of the tamping employed, or of the stone or coal 
exposed to the highly heated gases and vapours developed, so 
that, under any circumstances, sparks would be liable to be pro- 
jected on the firing of a nitro-glycerine charge. The same 
holds good with any of the nitro-glycerine preparations known 
in commerce, such as lithofracteur, blasting gelatine, or gela- 
tine-dynamite ; moreover, flame in more or less abundance may 
be produced by the explosion of some nitro-glycerine prepara- 
tions, the composition of which includes proportions of inflam- 
mable materials, 

"That the heat to which very finely divided solid particles 
may be raised, by exposure to the highly heated products of 
detonation of nitro-glycerine preparations, is sufficient to deter- 
mine the ignition of an explosive fire-damp mixture, has been 
amply demonstrated by experiment, and it is even possible that 
sparks sufficiently hot to produce that result may be carried to 
some distance by the blast of heated gases projected by a shot, 
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and thus reach places at some distance from the shoi-hok 
where gas may have lodged. 

" In the early part of the labours of the Commission in 1880, 
I applied the principle of most complete explosion, or detona- 
tion, of one or other of the so-called ' high explosives ' in con- 
junction with the method devised by me in 1873, of distributing 
the operation of the force, developed by small charges of tin 
explosive, over a considerable area, through the agency of a 
comparatively large volume of water, by which the charge is 
enveloped. 

" The principle of suddenly transmitting the force of detona- 
tion of a charge of explosive uniformly in all directions, iy 
completely surrounding with water the charge to be detonated, 
had already been successfully applied by me to the conversion 
of an ordinary shell into a projectile operating with the 
destnictive effects of a shrapnel-shell, and to several othei 
purposes, and it occurred to me that, by applying the sami 
principle to the charging of a shot-hole, the effect might be noi 
only to modify the destructive action of a high explosive, and 
thus to attain a comparatively moderate splitting or rending 
action instead of powerful disintegrating effects, but also to 
accomplish the extinction, through the agency of the water 
envelope, of any incandescent particles or sparks, and perhaps 
flame, projected by the exploding charge, the water being 
thrown forward together with them, in a finely divided con- 
dition. It soon afterwards came to my knowledge that 
Dr. McNab bad previously put into practical execuiion the 
idea of extinguishing the flame of a powder charge, projected 
from a shot-hole, by inserting a cylinder filled with water over 
the charge, and confining it by a small amount of tamping. 
A series of experiments conducted for the late Commission 
indicated, however, that water tamping, as first suggested by 
Dr. McNab, and applied by Settle, used in conjunction with a 
high explosive, such as dynamite, afforded very considerable, if 
not absolute, security against accidental explosions, under the 
conditions just now specified, 

"The charge of explosive should be placed in a water-tigbt I 
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cartridge, enclosed on al! sides by water, with or without the 
additional use of superposed tamping. The results obtained 
after a series of exhaustive trials justified the conclusion, that 
the so-called water cartridge, employed in conjunction with a 
high explosive, could be relied upon to afford security against 
accidental explosions during shot firing in the presence of 
explosive gas mixtures, or of very inflammable coal-dust thickly 
suspended in air containing some small proportion of fire-damp. 

" In constructing a water cartridge there is not the least 
necessity for employing any device for keeping the explosive in 
such a position that its circumference is surrounded equally on 
all sides by the water ; it suffices simply to insert the charge, 
with its waterproofed fuze or wires, attached, into the blast-hole 
direct (if the latter is in perfectly solid stone or coal, and in a 
suitable position), or into the cylinder of thin sheet metal, var- 
nished paper or membrane, which is filled with the water ; it is 
best, however, to insert the charge nearly to the bottom of tht 
water, so as to utilise the tamping effect of the greater part of 
the column. The liquid is retained by a wooden or cork plug, 
through which the fuze or conducting wires pass, and tamping 
is applied over this after insertion of a tuft of hay or other 
suitable padding material. 

" Gelatine-dynamite* is especially suitable for employment 
in conjunction with water, as nitro-glycerine is not displaced 
therefrom even after long immersion in water. 

" The work done in coal by a high explosive, through the 
agency of a column of water which encases it (or ' water cart- 
ridge '), is different in character to that accomplished by the 
same charge used in the ordinary manner. Instead of exerting 
a crushing action immediately round the charge, whereby much 
small coal is produced and no large amount of displacing; 
work performed, the force being distributed over the whole 
area of the water column, its action is thereby greatly mode- 
rated, and the coal is brought down in large masses^ — the work 
done extending over at least as large an area as that of the best 
powder-shots. 
■ ■ In my opinion, forcile also. — M, E. 
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" In applying this system as a safegnard against accidea 
ignition of coal-dust or fire-damp mixtures, the quantity i 
water used should at least amount to four times the volume a 
the charge employed. If less is employed, the flame will i 
be quenched, 

"The experiments carried out for the Royal Commiss 
with water cartridges led lo the observation, that a considers 
proportion of the water was driven forward in a body inste 
of being dispersed in a very fine state of division, by the for 
of a biown-out shot, and a suggestion was consequently n 
for the employment of the water in a different manner, w 
was worked out Sy Mr. Galloway with most successful res 
so fiir as related to the extinction of flame and spark from J 
blown-out shot. By distributing the water through a porous ' 
body, such as sponge or moss, and thus effecting an initial 
iniemiption of continuity of the mass of liquid placed over the 
shot, its thorough dispersion in a very finely divided conditioa 
is ensured, and its extinguishing power is greatly increas 
Comparative experiments have shown that the water cartrid( 
did not afford that absolute security against the ignition of a 
explosive gas mixture by a blown-out dynamite shot which was 
attained by the comparatively simple moss and water tamping, 
which can be applied without difficulty even in holes having an 
upward inclination. 

" It may be well again to emphasise the fact, that neither the 
water cartridge, nor water tamping applied in the manner in 
which it has been found so thoroughly efficient in conjunction 
with high explosives, affords any safeguard against explosions 
arising from the presence of fire-damp or of coal-dust asso- 
ciated with fire-damp, in mine workings where blasting is 
carried on, M pewder, or any explosive agent analogous in its 
composition and mode of explosion to powder, be employed in 
conjunction with them. 

" Suggestions have been made to use, in conjunction with 
powder, or as tamping over the charge, certain solid prepara- 
tions which will evolve gases or vapours when exposed for a 
sufficient period to heat capable of extinguishing flame, the 
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idea being that the heat developed by the explosion of the 
charge would accomplish the desired resuhs, and that the 
dangers arising from blown-out shot might thus be guarded 
against."* 

Exploding Charges in Fiery Mines. — Lieutenant- 
Colonel T. Lauer, of the Austrian Imperial Engineers, has 
invented a very ingenious as well as simple method of firing 
powder, dynamite, or other explosives, which is specially 
adapted for use in fiery mines. He lays down five rules 
relating to blasting in coal-mines which miners would do 
well to bear in mind, as they refer to the prevention of 
fire-damp explosions by the charge, often a fruitful cause of 
explosion. 

The rules in question are: — (i) No charge should be ex- 
ploded before it has been ascertained by means of the safety 
lamp that within a radius of 30 ft. the quantity of fire-damp is 
less than 3 per cenL {2) The firing of the charges by ordinary 
fuzes or squibs should be absolutely forbidden, as the combus- 
tion of these causes an inflammation of the fire-damp. Only 
electric or other similar methods of firing should, in fact, be 
permitted at all. By the use of these methods sparks are pro- 
duced only in the interior of the bore-hole charge. (3) Simul- 
taneous firing of the bore-hole charges should be brought into 
use, for if the charges are fired in rotarion those first exploded 
will not only produce coal-dust, but will sometimes open seams 
from which fire-damp escapes, and is fired by explosions fol- 
lowing after. (4) The use of ordinary gunpowder and its 
derivatives should be forbidden, and only strong high explo- 
sives should be used. (5) Asufficient amount only of explosive 
should be taken in order to make a charge to cause dislocation 
and rending of the surrounding coal and rock, in which case a 

" In a previous chapter (p. ill) I have drscribed a solid lamping mix- 
ture which has been invented by Mr. Trench, and which is now being in- 
troduced in lieu of the water cartridge. From the testimony of several 
colliery proprietors it would appear that this tamping mixture possesses the 
property of rendering toniie flameless whep exploded in cartridges aur- 
jKHloded by the mixture. — M. E. 
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consumption of the explosive takes place inside the medium's 
H'hicli il is employed and no flame escapes. 

In the use of the detonating friction tube, which has I 
invented by Col. Lauer, the spark (as with the electric exploders) | 
is caused inside the body of the explosive in the bore-hole, 
and, as several charges can be fired simultaneously, the system 
apjiears to commend itself by its cheapness and simplicity. 
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The friction tube in this apparatus consists of a small cylinder, 
A, Fig. 95, which encloses the friction apparatus, and this is 
connected with an iron wire, C. The iron wire as well ae 
its protecting tube, B, are long enough to extend a few inches 
beyond the mouth of the bore-hole (see Fig. 96), and the 
wire terminates there in a loop, C, which for safety is bent over 
and fastened to the tube by a string. The fulminating cap and 
])rimer are set in the bottom part of the small cylinder, A. ThftJ 
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bore-hole is charged in the usual way. To fire the mine, the 
loop, C, is untied from the tube, B, straightened out and tied to 
a strong string of a certain length, which ought to enable the 
miner to get beyond the radius of projection from any flying 
dibris. By giving a smart pull to the end of the cord, the iron 
wire, C, becomes disconnected from the friction apparatus and 
causes the inflammation of the composition contained in the 
small cylinder. A, and the detonation of the exploder and 
charge. 

For the simultaneous firing of several charges, all that is 
required to be done is to connect together the strings, E and F 
from the several bore-holes to one main cord, H (Fig. 58). 
Each string, E, ends in a kind of hoolc, D, which is tied to 
the loop, C. The main cord, G (Fig. 97), can be kid on 
pulleys fastened to the sides of the tunnel or drift, so as to 
keep the same in line. All the mines being connected, the 
small winch, H, is first put gently in motion so as to give a 
certain amount of tension to all the strings, then a strong pull 
is given to the cord, G, which will cause the simultaneous 
explosion of all the charges. 

It is claimed that eight charges can be fired in this manner. 
This system of firing has been tried in several Austrian coal- 
mines, and seems to have given satisfactory results. 

Compressed Lime Cartridges. — The considerable in- 
crease in volume which caustic or quick-hme rapidly undergoes 
during the slaking process, or its conversion into hydrate of 
lime by union with water, was many years ago regarded as a 
sourceof power which might be made available in lieu of powder 
for the bringing down of hard coal. 

Messrs. Smith & Moore prepare the lime for this purpose 
by reducing freshly burned fat lime of high slaking power to 
powder, and converting this into cylinders by applying powerful 
pressure, which produces a very compact cartridge, rendering 
the material less hable to deterioration from air slaking than if 
kept in lumps. In the next place, they apply the heat which 
will have been rapidly developed in the loaded hole by the 
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slaking of the lime charge simultaneously throughout its entir 
length, to the generation and superheating of steam on a sonH 
what considerable scale, whereby the force exerted by thi 
cximnding charge of lime is supplemented in an importaD 
manner. This is effected by ensuring the application of wate 
to the compressed lime almost simultaneously throughout th 
entire length of the charge, ■ 

Sir Frtderiek Abel, in commenting on the use of lime carf 
riJgca, stales that, during a series of operations in the ShipleJ 
collieries, Derby, the preparation and charging of a number w 
holes at one time was expeditiously carried out, and the joiirf 
action of the holes in bringing the coal down in large masses 
was very satisfactory, the charges generally perfonning their 
work up to the back of the holes. The time occupied by the 
action of the lime ranged from ten to forty minutes from the' 
lime of welling Ihe charge, but the men were able to retui 
their work directly the coal had fallen ; the latter was brought' 
down almost entirely in large masses, and the work in such corf.' 
appeared to be carried on with advantage in point of economy 
over blasting. The results obtained with lime cartridges ia^ 
other collieries seem to be satisfactory on the whole. That itsi 
application should not be attended with the same success in" 
soft and in very hard coal as in massive coal of medium hard- < 
ness is to be expected, and seams in which many fissures occur' 
are not likely to be worked successfully by the system, as the \ 
force due to the generation of steam by the slaking of the lime'. 
must be lost in many instances. 

In damp mines, the cartridges should be kept in tightty* 
closed cases until just before they are required to charge a hols' 
with, 

A so-called blown-out shot with lime causes the latter to be 
more or less violently scattered about in the vicinity of the 
shot-hole, and should men be in the immediate neighbourhood, 
it is very possible that their eyes may suffer from such an acd* 
dent, but there is no possibility of an explosion being brought 
about by the blowing out of the lime, or by any other circucK 
stance which may attend the use of the lime-cartridge. 



COMPRESSED LIME CARTRIDGES. 21/ 

The maximum heat developed in the interior of a lime-cart- 
ridge as applied in coal getting does not exceed 600° F., and 
is therefore insufficient to inflame a mixture of gas and air, or 
to ignite any inflammable material with which the lime-cart- 
ridge might possibly come into contact in actual practice. 

The conclusion of the Royal Commissioners for inquiring into 
accidents in coal mines, that " in some coal-seams the lime- 
cartridge will perform work quite equal to that accomplished 
with powder, at no greater cost, and with absolute immunity 
from risk of explosions," was arrived at after very careful 
inquiry, and is well worthy of the attention of colliery 
managers. 



CHAPTER XVIII. 



KCM'iVtl, iH Uli*Uu:l«> In Klven and Hatbontg — Metbodt of 
RurlluT lllMlini; — fonloon Drilling — Machine Drills — DnHii^ 
IJlMlinK— Blowiti2 up Sunken Wrc£lu. 

It become! very oflcn the duty of an engineer, in making rivet 
Of harbour improvements, to remove loose tocks, boulder^ 
logl, *unlien Hhipii, which form obstacles to navigation, and 
[n ioch ciMci the application of surface charges of dynamit 
pro|>CTly located against the object, will effect the purpose. '. 
•iw.h tilantit it in UNual when not using nitro-gelatine, to enclose 
Ihc ordinary dynamite in tin tubes, which are fastened to 
iticki and lowered from a boat against the object to be 
removed. 

The firing in HUch cases is performed advantageously by 
electricity. In deep water divers have to descend to the riv« 
bottomn to apply the charges properly. The effect is usually 
very utlifactory, an the superincumbent weight of the water 
formi an excellent tamping. 

When the rock-masses are large, holes have to be bored, 
which heretofore was accomplished by dropping heavy steel 
drilU on to the rock and boring the holes by simple gravitation, 
but nince the introduction of compressed air drills the drilling; 
in aeconi[jli»hcd by mounting these drills on platforms erected 
in the water or by mooring scows over the rock to be removed, 
and drilling from a platform projecting from the boat These 
drills need the constant attention of divers, who also have to 
do the charging of the holes. 
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Submarine excavation is always costJy and laborious work, 
and particularly so when submerged reefs are covered with 
strata of sand, gravel, and silt. Many ingenious inventions 
have been made to overcome these difficulties, and full 
infonnation on this subject will be found in my work on 
' Modem High Explosives.' As examples of modem engi- 
neering, detailed accounts of the removal of the obstmction in 
New York Harbour known as Hell Gate, and of the removal 
of obstructions in rivers and harbours in different parts of the 
globe, are given in that volume. 

Methods of SubmELrine Blasting. — Before the inven- 
tion of nitro-glycerine, the removal of rocks under w.iter was 
considered one of the most difficult branches in engineering, 
method first used was to place ordinary gunpowder in 
strong wooden cases, which were lowered on to the rock and 
exploded by ordinary fuzes. The application of these surface 
charges did not result in much work, and a French engineer, 
about thirty years ago, executed sorae work in Boston harbour, 
XJ. S. A,, by drilling holes into Tower and Carwin Rocks,* by 
I means of heavy bars of iron, weighing several hundred jtounds, 
' which worked in guides resting on tripods under water. The 
I drill by means of a long rope is attached to a crank pin, and 
by means of an engine is hoisted several feet and then dropped ; 
I as many as sixty blows per minute are given in this way, and 
I the gravitation of the drill bores the hole slowly. When this 
I reached a certain depth, it was loaded by divers with a chlorate 
of potash compound and exploded. 

At the present time such work is executed by machine 
drills, which are worked either from floating pontoons or 
stationary stagings erected in the water over the rock which 
is to be blasted. 

The drill can also be mounted on a tripod stand, lowered 
on to the rock under water, and attended by a diver ; drilling 
ofierations are carried on by leading compressed air to the 
drills by means of indiarubber tubing, and the exhaust 4'' 
* See ' Modern High Enplosivcs,' p. 330. 
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charged through another tube above water. Then there £ 
also instances where subaqueous driUinghas been carried c 
in diving bells ; but these are tedious and expensive methoi 
Of late also, at Port Natal, some important work was carried c 
by working from a tripod direct at the rocky bottom of the bi 

Pontoon Drilling is in favour with some engineers, 
working long drills from the deck of a pontoon stage, so 
to admit of the machinery being all above water and easy O 
access. It is usual to build a floating stage composed of two. 
pontoon punts, secured parallel to each other several feet aparb 
thus leaving sufficient space for the working of the drills 
On each side of the drills rails are laid, bearing two ligli] 
travelling derricks, in each of which a guide-pole, 6 inches 
square, works freely, carrying on it a rock drill, and fitted 
with a rack and pinion gear for adjustment of the drill to t 
various depths required. The guide-poles are shot! with iron^ 
and, when in use, rest on the rivet bottom, the stage lisiM 
and falling freely according to the state of the tide or the s 
caused by waves, without in any way affecting the steadinea 
of the guide-poles. The stage is secured against lateral movtf^ 
meat by strong mooring-chains from each of the four corner^ 
and worked by cral>winches. 

One of the pontoons carries the machinery, such as tl 
boiler, air-compressor, and air-receiver. The other pontoon 
generally fitted as aworkshop, forge, and a small air-compressof 
to furnish air to the diver, as it is advisable to supply the diverS 
with air from a separate compressor or receiver. 

I have had occasion to visit works of this description in the 
United States, and the plan usually adopted there is to erect over 
the rock to be blasted a stationary framing 20 to 30 ft. squar^. 
which is built of timber, and is easily dismounted, and th« 
drills are mounted on this staging ; they are worked by steam. 
The boiler is on a scow, which at the same time carries the 
dredger, and as the drills are worked by steam which is led to 
tbem in tubing, no air-compressor is required, except a small 
one to supply the divers. 
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I have also seen a small stage from which two drills are 
worked, consisting of a large box made of i^ in. planks, 12 ft, 
square and 3 ft. high, air and water tight ; this box was mounted 
within four posts, and when the holes were to be fired, by turning 
a crank, working a rack and pinion gear, the box was lowered 
on to the surface of the water and the four posts lifted out of 
position, so that the same became a floating stage, and could 
be moored back again after the firing of the blasts. 

Where the stationary stagings are large, 10 ft. square or 
more, the blasting can be carried out safely, without damaging 
the supports, and they are only shifted whenever the bore-holes 
become located too near the supporting posts. 

Machine Drills, — The drills are generally of a heavy 
pattern, at least 5 in. diameter by 8 in. stroke, and the drill 
steel ranges from 2 to 3 in, diameter, as long bars have to be 
used when there is any depth of waler. 

Each drill works in a sliding frame, so that several feet in 
depth can be drilled without adding on fresh length of steel to 
the drill, or changing to longer bars. Sometimes the depth of 
water over the rock may be 20 ft., and as the drill platform is 
several feet above the water surface, and holes have to be 
bored 5 to 7 ft. in depth, it is not unusual to have drill steel 
35 ft in length. 

In case the rocks which have to be removed are covered with 
mud, silt, gravel, the boring becomes very difficult, as the silt 
will work in between the drill and the sides of the bore-hole, 
and jam the drill. To avoid this inconvenience it is a usual 
practice first to drive down iron tubes through the silt 4 to 5 in. 
in diameter till they rest on the rocks, and then the drills are 
worked within them. These tubes reach above the surface of 
the water and prevent the sand getting into the bore-holes, and 
also enable the workmen to let the cartridges into them from 
above, by tying them to a string, and thus dispense with the 
services of the diver. 

General Newton constructed a scow in New York, f' 
carrying out blasting work in East River, which had a cent 
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^H opening like a well, into which he lowered a dome built of 
^H boiler iron, and there were several tubes inside these wells, in 
^H which he worked Che drills. 

Drilling and Blasting.— The bore-holes are drilled in 
rows located in a line across the river, or at right angles to the 
axis of the river. The depth of the holes depends on the 
depth of rock to be removed. When a hole is drilled, it is 
cleaned out by the diver, who inserts a nozzle into the hole and 
injects compressed air, to clean out the sand, and then plugs 
up the hole till the time comes to insert the charge. 

If it is required to remove 6 ft. in depth of rock, it will be 
necessary to drill the holes 8 ft. deep, so as to get the explosive 
below tlie level from where the rock has to be removed, as 
otherwise there would be danger that if the holes were not 
bottomed the required depth would not be attained. To make 
sure of a successful removal, the holes ought never to be drilled 
too far apart 

When a row of holes are drilled, they are charged with the 
highest grade explosives, and powerful high-tension fuzes must 
be employed, and the boles being electrically connected among 
themselves, the leading and return wires are attached to the 
end holes ; when the diver gets to the surface, connection is 
made with the battery and the charges exploded. Of course 
no tamping is required. When using dynamite, tin canisters 
are necessary to hold the charges, but with nitro-gelatine this is 
not necessary. 

The explosion of the charges causes only a dull muffled 
sound and a slight upheaval, as the work is mostly expended 
in rending the rock and overcoming the resistance of the super- 
incumbent weight of water, and very seldom rocks are projected 
above the water surface. The big pieces of rocks are after- 
wards removed by means of a derrick placed on the scow or the 
pontoons. 

AVben a new hole is started it is very difficult to steady the 
lower end of the drill and make it enter the rock, and for this 
reason cast-iron shells weighing loo lb. are used to steady 
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them. This shell is about i ft. in height, 15 in. in diameter at the 
base, standing on three pivots or legs, about 3 in. long, convex 
on top, through the centre of which a hole passes vertically 
admitting the free working of the drill. ■ 

It is considered good work when i fL can be drilled in 
half an hour, but the drilling of course depends on the nature 
of the rock. 

Mr, Saunders,* of New York, has invented an arrangement 
which facilitates the working of drills on rocks covered with 
silt. 

Works of magnitude, like the blowing up of Hallett's Points 
and Flood Rock at Hell Gate, New York, involved operations 
of a diflerent nature. There the rocks were undermined by 
tunnels and galleries miles in length, the pillars which were left 
standing to support the roofs were drilled with holes, as well as 
the roofs, and when charged were all exploded simultaneously. 

(General Newton, the chief of engineers of the United States 
Anny, has accomplished, in the laying out and prosecution of this 
memorable work, an amount of ingenuity which has no parallel 
m the history of explosive engineering undertakings. 
Blowing np Stmken Wrecks. — Very often explosives 
are employed to remove ships which have got wrecked in 
the pathway of navigation. Divers who make this a special 
business then examine the position of the vessel, and by the 
application of long charges of dynamite or gun-cotton will break 
up the vessel. The charges are either placed on deck, or hung 
against the sides, or posts are driven into the sand and the 
charges tied to them. Care must be taken in all cases to have 
the explosive in immediate contact with the object to be 
destroyed, so as to obtaiti the maximum effect. 

No special rules can be laid down how to proceed in such 
work, as each individual case presents features of its ow;n, and 
^L has to be dealt with accordingly. 
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MoDBRK Explosives as applied in Warfare — Zalinsky'a Pneumatic Gun- 
Essetilial Conditions of Dynamite Firing— How Zalinsky's 
Invented — Official Report upon the Gun — The German and the Maiii 
Pneumatic Guns— The Graydon Dynamite Shell — Gun-coiton Sheik. 

That modern explosives should have an extensive application 
for military pur[)o3es as a destructive agent is a development 
of their utility which one would expect to find. Our knowledge 
of these numerous compounds has received large contributions 
through the searching inquiries and experiments instituted bj 
various Governments as to the qualities, both chemical i 
physical, of modern explosives, and the results may be thu^ 
summarised : The navy departments of most nations have 
adopted compressed gun-cotton for torpedo charges, and othec 
submarine ground mines ; whereas the military engineers of 
the land forces lean towards the use of the plastic nitro-gelatim 
and its derivatives as demolition charges, owing to their enor 
mous shattering power (brtsame) when bridges, stockades; 
railway embankments, walls, forts, and similar obstacles hare 
to be removed. Such explosives as nitro-gelatine, gelatine- 
dynamite, and forcite, being far more powerful and exerting s. 
greater local action than gun-cotton, should be able to rival 
tlie latter in its application to submarine mining ; but S' 
safety is concerned, wet gun-cottoa, no doubt, offers an ad- 
vantage which nitro-glycerine preparations do not possess. As 
bursting charges for shells and hollow projectiles, moden 
explosives will doubtless be extensively applied in the neai 
future, and in that shape will form a terribly destructive engin| 
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of war. Their efRciency for that purpose has indeed been 
proved in the firing of projectiles from the weapon I am about 
to describe. 

ZalinBkys Pnetunatic Gun. — Lieutenant Zalinsky, of 
the United States Army, has practically demonstrated that 
large quantities of explosives, like dynamite, nitro-gelatine, or 
gun-cotton, even in charges of several hundred pounds, when 
enclosed in metallic shells, can be safely fired by means of 
compressed air. 

I was present in New York Harbour in 1884, when the 
Lieutenant fired his first experimental shots from his four-inch 
gun at Fort Lafayette, and was greatly impressed with this 
modern weapon, although in military, naval, and scientific 
circles many authorities did not beheve in the ultimate success 
of the young and energetic Lieutenant's so-called " Dynamite 
Gun." That he has triumphed by perseverance is proven by 
the fact, that the United Slates Government has constructed a 
cruiser equipped with these guns. I also understand that the 
Italian Government has ordered one from New York: and I 
may mention here that I brought this gun to their notice in 
1886 by submitting the specifications and drawings to Admiral 
Martinez at La Spezia, and explaining to him the modus 
operandi of the apparatus. 

Essential Conditions of Dynamite Firing. — Before 
entering into a description of the latest form of gun and pro- 
jectile, it win be well to state the conditions which must be 
fulfilled to make dynamite firing successful. 

The great requisite is, to discharge the dynamite shell from 
the gun without shock. Compressed air is eminently adapted 
to eff'ect this in a perfect manner, as the pressure admitted to 
the gun can be regulateii to any degree. Therefore, when 
firing the projectile, a gentle pressure is admitted, at first just 
sufficient to overcome its friction and inertia ; but, once in 
motion, the pressure can be rapidly increased up to the full limit, 
without in any way subjecting the projectile to an undue shock. 

Compressed air, also, permits the use of a detonator 



236 EXPLOSIVES FOR MILITARY PURPOSES. ^^ 

[o exgilode the charge, and a strong exploder is embeddnH 
in the body of the charge, the explosion of which is caused 1^| 
a specially designed electrical arrangement, which insures dl^| 
perfect explosion of the dynamite in ihe shell. The detonatoC | 
consists of a substance which is even more sensitive to shock 
than the explosive itself, and which by its sudden and violent 
action influences the latter so that it explodes with its maximum 
power. 

Heating of the gun never takes place, as it is well known ihat 
compressed air when expanded absorbs heat and cools the 
surrounding atmosphere; hence this gun, instead of becoming ■ 
heated by successive discharges, is actually cooled. 

How Zalineky'a Gun was Invented.— The idet 
firing dynamite by means of compressed air originated with i 
schoolmaster, named Meford, whom one of his pupils hit li 
the eye with a paper ball from his pop-gun. Being of s 
ventive turn, Meford concluded that compressed air coaU 
be used as a motive power fqr firing something else beside^ 
pnper. He devised a tube of brass 2 in. diameter and ^ in 
thick, 28 ft. long, mounted on a T rail and stiffened wift 
tie-rods; this was erected on a tripod, and arranged e 
breech-loader. The slide block was attached to a flexiUe 
hose and connected to an air reservoir, from which the a 
was admitted by a hand-cock. This was very uncertain, the 
air being cut off too soon or else wasted by loo long a delivery^ 
The pressure was but 300 lbs. The projectiles used we 
cylindrical brass tubes I in. to li^ in. in diameter, and 12 j 
to 18 in. long ; they had attached to them a wooden fhistm 
of a cone, of which the larger end was the size of the bor 
1 he point of the shell was of wood, and was loaded with lea 
so as to keep the centre of gravity well forward. Two disi 
of pasteboard, with a thickness of Canton flannel between! 
them, acted as a gas check, the flannel being i in. larger i^ 
diameter than the pasteboard ; this was placed against 1 
under tail of the projectile. 

The great difficulty was the short range attainable by these 
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means ; but, Lieutenant Zalinsky's attention having been called 
to this gun, he had it brought to his station and commenced 
experiments. He found an increased accuracy of aim over 
the ordinary smooth bores. The length in calibres of the 
a8 ft. gun was 168, and to this proportion is due the property 
of imparting great energy to a shell, and at the same time of 
avoiding a shock liable to produce premature explosion. VVith 
the 2 in. gun and a less pressure than 500 lbs., he had thrown 
a projectile across the Narrows of New York Harbour, a 
distance of 2100 yards. 

In testing the safety of throwing dynamite in such thin 
shells, various experiments were tried. The dynamite in 
small quantities was placed at the base of the shell, and the 
balance was filled with dry sand ; in this way it was exposed 
first to the shock from the air pressure, and next to that of the 
inertia pressure of the sand, which was much greater than that 
of an equal amount of dynamite. The pressure was gradually 
increased from 100 lb. to 500 lbs., and the shell was placed at 
5 fL, 3 ft., 2 ft., and I ft respectively from the breech, and 
finally a sheO with the full charge of dynamite was thrown ; 
placed at the breech, in this case, there was an air cushion 
of 8 ft. between the valve and the projectile. This 500 lbs. 
pressure being the limit of the endurance of the hose, a greater 
one was not tried. 

The next series of experiments started with the construction 
of a gun 4 in. in diameter and 40 ft. in length. The barrel 
was a seamless tube of ^^jf in. thickness, and in three sections, 
mounted on an iron truss supported by a tripod. The valve 
was automatic, opening rapidly and permitting a certain 
uniform volume of air to escape, and closing at the time the 
projectile reached the muzzle. Its general character may be 
described as that of a balanced valve. The air was admitted 
by this until the projectile was just outside the muzzle, and, 
to have the final pressure as great as possible, the reservoir 
was nine times the volume of the bore. The velocity attuned 
with the 4 in. gun was found to be 72 per cent of the 
theoretical velocity. 
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In early experiments with the projectile, the tails were 
found to be too long and heavy, and the best results woe 
attained by making the centre of gravity as near to the point 
as possible. The projectile being assumed to fall the instant 
it left the gun, it was decided to have the rear of the tail taper 
slightly to afford freedom of exit, and such projectiles had 
regular flights. The pressures being uniform, the fall of shells 
having the same centres of gravity struck nearly in the same 
places. In fact, accuracy of range with a pneumatic gun is 
one of its strongest features. . 

The shells were next fired with 17 lbs. of dynamite and with 
success. The fuzes then met the attention of this investigator. 
The ordinary percussion fuzes of fulminate proved unsatis- 
factory, as did the copper capsules. It was also noticed that 
17 lbs. shells with percussion capsules did not produce the 
desired effect when they exploded, and Lieutenant Zalinsky 
naturally looked to a possible effect from exploding these 
shells from the rear, assuming that a small interval of time 
was required even" to fully explode dynamite, and that the 
layers of gases exploded near the target tended to retard the 
effect of those developed at the rear of the shell. 

This resulted in the devising of an electric fuze depend* 
ing on the action of a small battery enclosed within the shell. 
The best battery was found to be the chloride of silver one, 
on account of its small size and its reliability. After remaining 
idle a month, these little batteries were found equal to the 
requirements. The diagram, Fig. 98, is a section of the fuz^ 
and connections, in which A is the fuze case, B a metallic 
plunger, inside the vulcanite cylinder a ; the contact springs b b 
are attached to the wire c^ joining the electrical primer C 
The second wire d goes from the primer to the metallic fuze 
case. The primer is thus in contact with one pole of the 
battery placed within the upper part of the fuze case. As' will 
be seen, this battery is suspended to the fuze case A A by thiii 
projections e e^ which are sheared off by the shock of firing 
the gun, and the other pole falls into such a position that the 
metallic plunger B can come into contact with it and completed 
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the circuit. ^Vlicn the shell strikes, the plunger B moves 
forward to the pole /, the circuit is dosed and the charge is 
exploded. 

By examining the diagram, Fig. 99, it will be seen that 
in the fiine just mentioned the battery was attached to a 
projecting steel plunger held in place by a stiff steel wire pin, 
and when the end of the plunger is within \ in. of the target 
the circuit was closed. In this diagram, A is the steel plunger 
and B the battery attached to it ; C is a low-tension electrical 
primer, one wire from which, c, goes to a contact d in the 




bottom of the fuze ; the other, c', connects the primer and the 
fuse case. On striking the target the plunger is forced in, 
shearing off the light steel safety pin, and when the front of 
the shell is at the desired distance from the target the pole a 
of the battery comes in contact with i, and the circuit is closed 
througli the primer, which explodes the charge from the rear. 
The actual lime required to produce explosion before the 
fiiU impact of the shell took place, is rahm of a- second. 
Plungers arranged to close up to \ in. from the target were 
successful, but beyond that the effects were weakened. Ex.- 
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periments showed that it was impor 
bring the charge as intimately in contact 
with the target as was possible with as large 
an area of contact as possible. 

Thu next step in this investigation was 
the construction of an 8 in. gun, designed 
to throw loo lb. of dynamite with an initbl 
velocity of 1400 ft. per second, and with a 
range of two miles, and to have it so 
arranged that the gunner could aim, elevate, 
and fire it without removing his eye from 
the sight. A view of this gun is given in 
Fig. 100. The pressure to he used was 2000 
lbs., and the length of the gun was 60 ft. The 
8 in. gun when worked with 1000 lb. pres- 
sure, and at an elevation of 35 deg., a shell 
with 60 lbs, of explosive material has been 
thrown 2^ miles, and one with 100 lbs., at on 
elevation of 33 deg., was thrown 3000 yards. 

Official Report apon the Qnn.— 

Under the direction of the authorities of the 
! United States Navy, an official inquiry into 
. the merits of Lieutenant Zatinsky's weapon 
i has been held, and the Board to whom the 
I inquiry was entrusted, having witnessed ex- 
periments to test the rapidity of fire, ac- 
. curacy, and extreme range of the new gun, 

have reported as follows : — 

I " r. That the dynamite gun is a new in- 

' strument which has its own functions in 

j time of war ; that it cannot replace any 

existing weapon ; and that its place cannot 

I be wholly taken by any other. 

I " 2. That the value of compressed air as 

a means of throwing projectiles from a gun 

is chiefly apparent in the ability which It 
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gives to the gunner of exactly reproducing any shot, and of 
accurately increasing ot decreasing range, at will. 

"3. That the machinery employed in connection with the 
control of air under great pressure is very effective. 

" 4. That the gun is remarkably accurate. 

" 5. That the extreme range 13 probably about two miles, 
the effective range from 1400 to iSoo yards. 

" 6. That the power of the projectile lias not yet been 
thoroughly tested. 

" 7. That the gun appears to be trustworthy in its action. 

" 8. That the system is a simple and inexpensive one, and 
that the gun might be made in any large town where there 
are foundries and machine shops. 

" g. That the weapon Js valuable for harbour defence. 

"10. That it is adapted to naval warfare whenever mortar 
(ire can be advantageously used. 

" 1 1. That a modification of it might be adapted to the pro- 
jection of torpedoes from ships. 

" 12. That, until after the gun has been properly tested on 
board the dynamite cruiser which is now under construction, 
it will be inexpedient to adopt it as part of the battery of 
ships of war," 

The dynamite cruiser which is referred to in the report was 
built by Messrs. Cramp, of Philadelphia, and has now been 
successfully launched. Instead of the 10-5 in. pneumatic guns 
for which she was originally designed, she is to have three 15 in. 
tubes, which will be able to throw shells loaded with 600 lbs. of 
explosive gelatine. The length of her guns, which was exces- 
sive, has also been shortened to 55 ft The gun which has been 
constructed for the Italian Government has a calibre of ig in,, 
and a length of only 40 ft. 



The German and the Maxim Pneumatic Guns — 
Another pneumatic gun has, accorJing to the Timpi. been 
tried this year in Germany, under the supervision of the 
German Admiralty. The instrument is of 1 1 ■ 7 in calibre, and 
is 73-8 ft. long. The shell was 81 -5 in. long, and contained 
66 lbs. of nitro-glycerine. The taiget wa.^ o. ■jid'ii'i^ N>^'='ij5v 
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moored aoSo yards away from the firing-point. Two rounds 
of shell completely destroyed the craft. 

Of Mr. Hiram Maxim's dynamite gun little of a practical 
nature is yet known. It is a pneumatic tube ; but the tube is 
comparatively short, and, according to the specification of the 
patent, a very high muzzle velocity is attained. Tlie peculiarity 
of the invention seems to consist chiefly in the substitution of 
a mixture of air and some volatile hydrocarbon for air alone. 
This mixture is so regulated that there shall be just sufficient 
oxygen to convert the hydrogen of the hydro-carbon into 
water, and the carbon into carbonic acid gas. 

After the projectile has been driven by the expansive force 
of the gas through a certain portion of the length of the bore, 
the mixture of air and hydrocarbon is caused to explode, and 
the pressure is thereby at once increased about eight-fold. 
The explosive charge in the shell is to be some form of 
dynamite, detonated by rneans of a capsule and firing-pin. It 
does not, however, appear that Mr. Maxim has yet built a gun 
in accordance with his designs. 

The Graydon Dynamite Shell, — Graydonik is the name 
which has been given to an invention of Lieutenant James 
Weir Graydon, late of the United States Navy, who in 
1886-87 conducted, first in California and afterwards in 
Russia, a series of experiments with the Graydon dynamite 
shell. This he succeeded in firing, with some degree of sue* 
cess, fi-om a 5 in. rifled gun that was loaded with a mixture 
of I lb. of dynamite to 37 lbs. of powder, Mr. Graydon claims 
for graydonite absolute freedom from danger in handling and 
transportation, a destructive power from 400 to 700 per cent 
greater than that of No. i dynamite, and suitability for military 
and naval uses. Particulars of its composition have not been 
made public. Since the conclusion of the experiments in 
Russia, the Ordnance Board of the United States Army has 
assisted at further experiments with the Graydon dynamite 
shell at Sandy Hook. 

The Graydon method of charging the shell consists in sub- 
dividing the bursting charge of dynamite into small pelleis. 
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each of which is enclosed in a separate envelope and treated 
with paraffin. The interior of the shell is previously lined with 
asbestos. Explosion is secured by means of a detonator, 
which acts upon impact. The great advantage of the shell is 
alleged to he that it can be fired from any service gun with 
the ordinary service charge of powder. 

At the Sandy Hook experiments a 7 in. Ames wrought-iron 
muzzle-loading rifled gun was used, with a powder charge of 
23 lbs., and with a steel service shell that weighed, with its 
charge of 2"3 lbs. of No, 2 dynamite, about izz lbs. The 
target was a section of wrought-iron turret, made up of two 
7 in. plates, so as to give a total thickness of 14 in. The 
target was, however, not a new one. It had been indented 
by previous practice, and several cracks in its surface were 
noticeable. Three shells were fired at, and burst on, the 
surface of this target The third round penetrated the first 
plate, seriously bulged and cracked the second, and had a 
generally disruptive effect upon the turret 

The next day four rounds were fired, two at a wooden target 
a mile away and two seaward. All the shells were fused. The 
first shell burst prematurely 300 yards from the gun, the second 
burst at or beyond the object, the third did not burst, the 
fourth burst prematurely at 1000 yards. These results were 
not satisfactory. Later in the day the liability or othenvise of 
the dynamite to explode on being fired into with small-arm 
projectiles was tested. This experiment was also unsatisfactory. 
The compound exploded on being stnjck at 50 yards by a 
Springfield rifle bullet Yet it was something to have shown 
that the dynamite shells could be successfully fired from an 
ordinary gun, and were capable of inflicting serious damage 
Upon a somewhat heavily-armoured target. 

Gan-ootton. Sheila, — The following extracts from an 
article upon this subject — translated from a German publication" 
—will be read with interest : — 

• Schweizcrischt Ziitickrifl fur Artillerie and GenU, December, 18S7. 
For ihe Itanslation I am indebttd to Engineering of 15th June, iSSS. 
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•' The German artillery, in opposition to the French, decided 
against melinite in favour of gun-cotlon as a burster for shells, 
a substance already adopted by the German Navy for projec- 
tiles of large calibre and torpedoes. These shell fulfil the 
object of perforating in the shortest time and with absolute 
certainty the projection given in the opposing forts, of acting as 
mines in the cavities formed, and of rendering the occupation 
of the structure assailed absolutely impossible. It is no longer 
a secret that during last autumn and winter the 15 cm. and the 
short 21 cm. German guns, fired at Kummersdorf vnth high 
bursting charges of gun-cotton, succeeded in perforating the 
defence of forts, which were specially constructed so as lo 
represent one of the French frontier forts, and in reaching the 
parts best covered, such as the magazines, &c., with over- 
whelming effect— a notable and important triumph for the 
German artillery. 

" Artillerists have studied the properties of gun-cotton for a 
long time. Ten years ago it was experimented with at the 
Government gun-cotton factory at Hanau under the dhection 
of an officer of the German staff, and m the end the disadvant- 
ages'in its use were overcome, and it was produced in a form 
which places it in the first rank as an explosive for shells, damp 
cotton specially prepared being now used for that purpose. Il 
is carried on service in a moist state, and to explode it a 
primer of dry cotton with a special detonating composition is 
employed. The construction ■ of this primer is kept secreL 
The damp state of the cotton gives security against premature 
or spontaneous explosion, tendencies which were rightly con- 
sidered defects in the use of the earher forms of gun-cotton. 

" The great safety in transport and use of gun-cotton now 
obtained is due not only to the experiments at Hanau, but also 
to others made by the firm of Von Forster and Wolff at Wals- 
rode, in Hanover, who, in 1883, took out two patents, one for 
a mode of preserving gun-cotton, the other for the construction 
of a shell fitted with that substance. 

" Von Forster's method of preserving gun-cotton consists in 
dipping the cotton either in a dry or moist state into ether for 
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15 to 20 seconds, whereby a very thin, hard, yellowish-brown 
film is forraed oq the surface of the cotton, rendering it water- 
proof, and giving it the semblance of a piece of wood. Instead 
of ether, nitro-benzol, or any fiuid which dissolves the cotton, 
can be used. This film in no way decreases the explosive 
qualities of the gun-cotton, but it prevents its losing its con- 
sistency and decomposing. It preserves the requisite degree 
of moisture, and prevents paraffin soaking in. As, however, 
the skin is not absolutely impermeable, water finds a passage 
and the cotton is modified by keeping. Von Fiirster, however, 
states that under favourable conditions this disadvantage can 
be neglected, as experience has shown that gun-cotton unpro- 
vided with a protecting film loses its moisture in a few days if 
exposed to a current of dry air, whereas the protected cotton 
retains its moisture for many weeks under the same conditions. 
On the other hand, the skin is so slight that it does not interfere 
with the rapidity of ignition. 

" In case dry cotton charges should be preferred, Von Fiirster 
recommends dipping them in ether, closing the channel for 
ignition by means of a paper washer, and giving the charge a 
bath of paraffin, which adds a second impervious lacquer, 

" Von Forster, it should be added, disapproves of the use 
of gun-cotton impregnated with paraffin, as prepared in the 
Kruppamuhle factory in Schleswich. This, he states, is secure 
neither against decomposition nor accidental ignition ; it is 
as liable to explosion as dry cotton ; and is more sensitive to 
concussion than the wet cotton, being exploded by three suc- 
cessive rifle bullets, which would have no effect on gun-cotton 
containing 15 per cent, of moisture. 

"The projectile, which forms thesubject of the second patent, 
is a cast-iron shell in two parts screwed together and filled with 
discs of compressed gun-cotton. Towards the base of the shell 
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the detonator is fixed in position. This arrangement was 
chosen after experiments made with gun-cotton esploding in 
the open air, and the following results were also determined. 
The force of gun<otton varies with its density. It is more 
powerful in a moist stale than when dry. It Is best to ignite the 
charge as far as possible from the point of attack, and an axial 
channel through the charge increases the effect of explosion. 

" It does not appear that these shell as described have been 
tried, and the most recent experiments with shell exploding in 
the open do not seem to confirm the concluMons as lo the 
position of the detonator and the value of the axial charmeL 
The endeavour was made lo improve the shell by charging It 
through the fuse hole, leading to a further patent in May, 1885, 
for another mode of charging shell and of securing the explo- 
sive contents. 

"Thegun-cotioninthis is used in the form of prismatic grains, 
made by cutting up the compressed discs, and to the charge of 
wet cotton 200 grms, of dry cotton are added. When the 
charge is placed in position the neck of the shell is closed by a 
plug, leaving space for the fuse and detonator, which is pierced 
by a curved channel through which paraffin at a temperature of 
75" to 80° is poured. The paraffin fills all the interstices 
between the grains, and as it hardens forms the whole into a 
compact mass. 

" The fuse is the same as the German percussion fiise, mode! 
1873. The cupped part of this is lengthened and is open at 
the base, enclosing a capsule which contains i grm. of fulmi- 
nate, surrounded by an india-rubber ring and washer. The 
whole is fixed by a screw. By slightly modifying the arrange- 
ment a delayed action fuse is obtained. To secure the imme- 
diate action of the capsule on the charge the former is sur- 
rounded with a primer of ro grms, of dry gun-cotton, protected 
against concussion by an india-rubber ring. The shells are 
kept in store loaded, but the fulminate and fuse are oidy 
inserted when required for use. 

"The German Government delivered ia the spring of 1885 
to the Walsrode works a cast-iron 15 cm, gun for trial of this 
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mode of charging shell. Shells 2 and 2^ calibre were used, 
weighing with lead coat ty kg. empty and with an internal 
capacity of about 2 dm.^ Each shell had a charge of 1-35 kg. 
gun-cotton, zo per cent, moisture, in rectangular grains 10 mm. 
by 20 mm., with 200 grras. dry cotton in cubical grains of 
6 mm. The powder charge was 1-5 kg., distance of butt 
70 m., velocity of shot at 30 m. being 245 m. Of five rounds 
none burst prematurely, two were set for delayed action and 
formed larger cavities than the other ttiree. The shell were 
shattered into very small pieces, none of which exceeded a few 
millimetres in size. A hail of small pieces was thrown back 
more than 70 m. A loaded shell was then embedded in the 
butt and exjiloded, producing a crater about 2 m. diameter, 
70 cm. deep, and 1 ■ 25 m,^ in capacity. 

" Von FiJrster thereupon adopted a new position for the cap- 
sule—of which he gives no information^but which seems to 
have given good results, and ihe trials were continued to test 
all the points in his system. 

" For this purpose blind shell were fired with primers of wet 
cotton. The detonators were found unexploded. This was 
followed by loaded shell without primers or detonators. The 
charge of gun-cotton was found to be neither consolidated nor 
altered. Filled shell with primers were then fired against the 
butt strengthened with wood baulks and iron rails, but the shell 
failed to explode ; the butt was still further strengthened su(R- 
cient to break up a blind shell oa impact. Under these con- 
ditions the charged shell for the most part burst. In some 
cases, however, they rebounded uninjured. 

'■ Finally, fully charged and fitted shells were used, more than 
200 rounds of 8-8 era. shell being fired with a velocity of 
450 ra., common shell filled with gun-cotton were fired with a 
velocity of 200 m. from the rifled 15 cm. mortar and from the 
15 cm. gun with a velocity of 400 m. These guns fired abo 
steel shell 6 calibres long fitted on the same system. No 
premature burst occurred, and the bursts were in all cases 
satisf.ictory. 

On exploding an S-S cm. 7 kg, cast-iron shell at rest, 200 
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^M pieces over 10 gnns. and 600 under 10 gnns, were counted. 
^m An 8-8 cm, stee] shell, 6-64 kg, in weight, gave 3j large pieces 
^M weighing together 2-26 kg., and 127 weighing 3*865 kg. -^ 
^H cast-iron 15 cm. shell, weight 27 kg., gave 376 pieces over 
^B 10 grms., and 8j8 pieces under 10 grms. in weight were 
^M found to pass through wood baulks 35 cm. thick. A 15 cm. 
^B shell 6 calibres long, with a charge of 9-935 kg. gun-cotton, 
^H sunk vertically in the ground, the base 25 cm. beneath the 
^H surface, gave a crater 4 m. broad, i ■ 30 m. deep, and 7 m.' 
^V in capacity. With a burster of 16 kg. the following dimensions 
^ were obtained: 5'i m. diameter, 1-56 m. depth, 12 m.^ 
contents. 

"In November, 1885, it was announced that the German 
Government had adopted the Walsrode gun-cotton for shell 
bursters. 

" In 1882 the German artillery commenced experiments with 
shells filled with gun-cotton on its own account, the original 
experiments being to determine the possibility of using high 
bursting charges with the 21 cm. mortar. Steel was used for 
the shell instead of iron, so as to increase the strength of the 
walls and permit the employment of larger charges, and the 
length of the shell was carried to 5 calibres. 

"The following is a description of the 21 cm. mine shell r 
The shell is formed in two parts screwed together. The gun- 
cotton is contained in a zinc case and consists of small discs of 
compressed cotton 5 mm. thick with 20 per cent, moisture. A 
primer of dry cotton is placed in the upper half of the shell, 
which is pierced by a central channel for the quicksilver deto- 
nator. When the burster is placed in its case a wooden tube 
is inserted in the channel for the detonator, and paraffin is 
poured in to fill the interstices. A metal plug then closes the 
case in which an opening is left for communication with the 
detonator. When the burster is in place the head of the shell 
is put on and a metal cylinder inserted which fixes the burster 
and receives the fuse and detonator. 

" The use of compressed gun-cotton discs permits of the use 
of 3 charge about one-third heavier than when the gun-cotton 
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is inserted in grains, but in the latter case making the shell in 
two parts can be avoided. 

"Geoeral Brialmont states that in 1883 experiments were 
made with the 21 cm. mortar against casemates of strong brick- 
work I m, thick covered with 80 cm. concrete and r m. to 
1-5 in, of earth. Shell 6 calibres long with ig kg. of gun- 
cotton as a burster perforated the structure and burst inside. 
It was fiirthet observed that the 21 cm. shell, with a burster of 
26 kg., fitted with delayed action fuse, penetrated 4 m, into 
sand. A casemate i m. thick, with 3 m. sand, would be per- 
forated by such a projectile, which 5 tn. of protection are required 
to keep out. The craters in the sand measured 4-8001. in 
diameter, z'4 m. deep, and were about 15 m,^ in capacity. 

" The trials were extended to shells for other natures of 



guns, especially the 15 cm, and : 
of the last is given as 50 kg," 



The burster 
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ON THE ANALYSIS OF EXPLOSIVES.* 

BY 

PHILIP HESS, 
Captain of Engineers in the Austrian Army. 



Section I.— The Analysis of Nitro-Compouitos — Determination of 
Nitrogen in Gun-cotton and Glycerine — Results of Analyses by various 
methods — Analysis of Kieselguhr Dynamite — Of Explosive Gelatine— 
Of New Dynamite No. I. 

Section II. — Composition of Gun-cotton Samples — Method of 
Analysis — Results of Analyses of Lenk's and Abel*s Gun-cotton— 
Determination of Ash Residue of Gun-cotton. 

Section 111. — Qualitative and Quantitative Chemical Analysis 
OF Nitro-glycerine Compounds — Ingredients of Nitro-glycerine 
Compounds — Qualitative Examination — Quantitative Examination — 
Notes as to Analysis of Nitro-gelatine containing Camphor. 



I. — The Analysis op Nitrocompounds. 

Determination of Nitrogen in Gun-cotton and 
Nitro-glycerine. — Champion and Pellet discovered a 
method for the determination of the nitrogen in gun-cotton, 

* Translated from the German, as published in * Mittheilungen iibcr 
Gegenstande des Artillerie und Genie Wesens,* Vienna. 
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which was based on the reaction ; that on boiling nitro-cellQlose 
with ferrous chloride and hydrochloric acid, all of the nitrogen 
ol" the nitrates is disengaged in the form of nitrogen oxide, and 
can be exactly measured. 

A vacuum is created in the flask in which the reaction is to 
be carried on, by boiling a certain weight of gun-cotton with 
distilled water, and the ferrous chloride mixed with hydro- 
chloric acid is introduced into this flask by aspiration; and 
when on heating the flask to boiling, the nitrogen oxide is 




developed, it is conducted into a graduated tube, where it is 
measured. 

F. M. Eder, who enJi>loyed this nielhod almost exclusive'y 
in his determination of nitrogen oxide in pyroxylin, introduced 
one modification, in that he substituted a solution of ferrous 
sulphate in hydrochloric acid for the ferrous chloride, and yet 
obtained equally satisfactory results. 

[The apparatus used by Captain Hess is identical with the 
one used by Champion and Pellet, and is shown in Fig. loi.] 

Twenty to twenty-five grams of crystallised ferrous sulphate 

e dissolved in 100 cubic centimetres of water, in a flask K hold- 
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iiig from 150 to 200 c.c, and to the solution a few small scrap* 
plaiimim are added to prevent bumping during the boiling, 
The flask is closed with an india-rubber stopper having two 
bores, through which the glass tubes r and r^ are inserted. 
The tube r, is closed by the cock k, and r^ is closed by means 
of the pinch-cock q fastened to the india-rubber connecting 
lube s. 

Through continuous boiling all air is expelled from the 
flask, and the end of the tube r^, which is bent up at nearly 
right angles, is introduced into the graduated tube R, which 
has been iilled with caustic soda solution, and stands in the 
basin w, which also contains caustic soda solution, as shown 
in the figure. 

An accurately weighed quantity of the nitro-comiiound is 
dissolved in about 5 to 6 c.c of sulphuric acid, and the 
solution poured into the funnel of r. From o'lz gram to 
O" 16 gram of the nitro-com pound are generally weighed out. 
The funnel is washed down with z to 3 c.c. of sulphuric acid, 
which is first poured into the small beaker glass that contained 
the dissolved sample. By carefully opening the cock h, the 
acid solution flows in the flask K, whereby the introduction of 
any air bubbles is avoided as much as possible. Afterward 
the funnel is washed down with distilled water till the flask 
contains about 8 c.c. of fluid. 

After heating the flask, a small pressure is obtained, the 
pinch-cock q is carefully opened and the nitrogen oxide with 
some steam is driven toward It. At the commencement only 
that gas is collected which is produced by the contact of the 
concentrated acid solution with the ferrous sulphate solution. 
The remainder of the nitrogeuoKide is only disengaged by 
the concentration of the contents in the flask, which goes on 
gradually as the liquid boils down ; and a very small quantity 
even remains behind and cannot pe expelled in this way. 
When the contents of K commence to puff" up, the tube r, is 
closed by q, the flame is extinguished and a vacuum is formed 
in K, and thereby the nitrogen oxide is disengaged, which 
was still retained by the liquid in K. After a while about 



ao to 25 c.c. of water are introduced in the flask and the 
distillation is continued, whereby the remnant of nitrogen 
oxide is driven off with great facihty toward R, The process 
can he considered as finished, when no further augmentation 
of the gas volume is noticed. The following table clearly 
shows how far the results, which have been obtained by 
various methods employed in the determination of nitrogen, 
agree. 

To establish the correctness of the method, the following 
trials were made on — 

1. Chemically pure nitromannite {recrystallised twice from 
alcohol). 

2. A nitro-glycerine, the nitrogen contents of wliich have 
been determined by Dumas' method by Captain Dittel, and 
found to be i8'3S per cent. 

Both these samples were analysed, and the correctness of 
the method established. 

According to Champion and Pellet the composition of 
gun-cotton is pentanitro-cellulose, and the commercial nitro- 
glycerine in the dynamites is pretty nearly trinitrin. 

The nitrohydro-cellulose, of the factory at Zamlcy, shows 
an un except ion ally low percentage of nitrogen, and it can be 
surmised that in its employment for primers for nitro-gelatine 
it could be advantageously replaced by higher nitrated gun- 

The nitrogen contents of the collodion-cotton examined 
coincide exactly with the collodion-cotton prepared after 
Sche ting's method. 

The paper powder prepared by the firm of Prentice and Co. 
was to a certain extent insoluble in sodium sulphide solution, 
so that it must have been a mixture of nitrated and unnitrated 
gun-cotton. 

Kieselguhr DTnamite. — The simplest form of dynaraiie 
is the old Kieselguhr dynamite. For the analysis, from i "5 to 
2 grams (23'2 to 30-9 grains Troy) of this powder is put in n. 
Iratch-glass of known weight, a:id dried in an exsiccator, over 
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Results op Analyses madb by various IIbthods fok thb Dxm- 

MINATION OF NITROGEN IN CERTAIN NlTRO-COlCFOirNDS. 
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without powder 

Dynamite .... 1*8642 „ 

D(^d^cting from . . I'SS73 
1-8643 

There remains . . . O'osje grams. 

or I ■ 25 per cent, for moisture. 

Then having prepared two filCering-papers of exactly equal 
size and weight, we take a thin beaker, ij in. wide by ij in. 
high, and weigh it accurately, and put it under a glass funnel 
which is provided with a loose stopper of cotton placed in the 
neck, and introduce the weighed filter paper into the funnel. 
The loose stopper of cotton under the filter paper prevents the 
too fast passing through of the ether. The filter paper is 
slightly moistened with ether, the dynamite put into it, and is 
treated with repeal^ washings of ether, until this has been 
done six or eight times, when all the nitro- glycerine will have 
been dissolved and filtered into the beaker. 

A very simple way of ascertaining if any nitro-glycerine is 
yet passing in the solution, is by dropping two or three drops 
on a piece of writing paper, when if there is only a trace of 
nitro-glycerine the paper will show a greasy spot. As soon as 
the filter paper is dry, it is cleaned with ether and then ignited 
together with its contents in a platinum dish of known weight. 
When a imifoma colour has been obtained it is allowed to cool, 
and then weighed. 
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As a result we have : — 
Wti^ of phtinniii dish «nd contenM , . , 15-6616 eronu. 
„ „ ■lODC 15-1769 „ 

Therefore Kiesdgulit (nd tsb ..... a - 4S47 „ 

Then the second filter paper, of exactly the same weight 
the one used, is reduced to ashes in the platinum dish and 
again weighed. 

Weight of platinDm dish ind contoits . . . 15*1780 e^ms. 
• I •• » llone ..... 15*1769 „ 



n 



The Kieseleuhr eijusls 0'4S47 — o-OOll . . D-4S36 „ 

equal to ajJI per cent 

The niiro-glycerine can be detennined now by the loss, but 
the percentage of it is ascertained as follows : a water bath, 
covered with a sheet of tin and a wire netting, is heated to 
about 70° centigrade, the beaker with its filtrate is put on the 
wire netting. The ether must not boil, but slowly evaporate; 
and as soon as it has nearly all evaporated, the flame iS 
repeatedly withdrawn. The filtrate n-ill soon assume a mDt}* 
appearance, and when this takes place the beaker is lifted. 
several times and shaken a little to stir up the contents. When 
all the ether has evaporated the remainder consists of nitro* 
glycerine and acetic ether, which can be evaporated by con- 
tinued heating over the water bath. If an air-pump is at hand, 
even the smallest traces of acetic ether can be extracted. We 



Nitro-glycerine . . . 1-3806 „ 

or 7sJ|-£[ per cent. The explosive examined is therefore com- 
posed of — 

Nitro-elycerine 75-26 per cent. 

Kieselgubr 23*46 „ 

Mobluie i'2> „ 
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A detailed examination of the Kieselguhr must be made 
under a microscope (900) magnifying power, to ascertain 
whether it contains a heavy percentage of BacillaritB and Pleu- 
rosigmata (the first-named infusoria to be largely in excess), 
but no grains of quartz and no wheel-shaped Dictyodacete. A 
good Kieselguhr is absolutely necessary for good guhr dyna- 
mite, bad Kieselguhr, even with the same percentage of nitro- 
glycerine makes a weaker dynamite. 

Explosive Gelatine. — The analysis of this substance is 
made as follows: About I's to a grams of gelatine is taken 
and weighed ; assuming that we have — 

Beaker with explosive . . . . 42'3lo3 grams 
„ alone 41-5305 ,, 

Then gelatine .... 1-6798 „ 

A few drops of alcohol are then poured upon the gelatine, 
and after that, an excess of ether, until the nitro-glycerine and 
nitro-cellulose is completely dissolved. Then an excess of 
chloroform is added. Two filtering- papers exactly alike are 
cut, and one of them laid in a glass funnel. The solution 
of chloroform containing the nitro-glycerine and the nitro- 
cellulose is then filtered into a beaker of known weight and 
frequently wet with chloroform. The filtrate is then chloroform 
and dissolved nitrcK glycerine, while the remaioder is nitro- 
cellulose. 

The filtering-paper is then taken from the funnel, the chloro- 
form remaining about the filter allowed to evaporate, and the 
funnel thoroughly cleaned with chloroform. Then the filter- 
paper with the nitro-cellulose and the other filter not used are 
put over a water bath for about fifteen minutes at a temperature 
of 100" Centigrade, and both filters then weighed. The differ- 
ence in their weight gives the proportion of nitro-cellulose ; 
say in this case the difference is 0-1243 gram or 7-4 per cent 
nitro-cellulose. 

The filtered fluid is then treated as in the first test, with the 
result ; — 
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Wright of beaker vjithcontentB . 43 '0683 grams. 
It ■■ alone . . , 41*5308 „ 

Hence nitro -glycerine . . I'SSSS <> 
or ga-G per cent. The explosive gelatine consequently 

Nitro'Blycerine . . . 9i"6 per cent. 
Nitro- cellulose ... 7'4 „ 

It is ailvisatilc to determine the moisture in the gelatine before 
its solution in ether and alcohol. 

New Dynamite No. 1, — Weigh out about a ■ s to 3 grams, 
and dry for about three days in an exsiccator ; it is then weighed 
again. 
Say the following are the results : — 

Watch glass with coments . . 8*2939 grams 

.. nlone 5'3S38 „ 

Hence dynamite with moisture a'940i „ 
and after drying in the exsiccator, we have — 

Watch glass with conlents . . . 8-7616 grams 

.. .. ^lon* 5-8538 „ 

Hence dynnmite 3*9078 „ 

a*940i - 3-9078 = 0-0333 gr. = 1*10 per cent, moisture. 

The dynamite in the beaker is then moistened with some 
alcohol, then ether is added until the nitro -glycerine and the 
gun-cotton are completely dissolved. It is then filtered through 
a filtering-]iaper of known weight, and washed with ether. The 
ether and alcohol is then evaporated and the filtering-paper is 
dried at about 100'' C. The filtered fluid is then covered with 
chloroform which separates the nitro-gtycerine from the gun- 
cotton. The process is now the same as that with explosive 
gelatine, described above. When the dry filter-paper is 
weighed we have — 

Weight of filter paper wilheonlenls . , , i'3858 grams 
„ „ ,, alone 0-7623 „ 

Therefore absorbents alone .... 1*0735 ■> 
or 36*51 per cent. 



NEW DYNAMITE NO. 1 



2SI 



The paper with the absorbent is tlien put into the funnel, and 
is repeatedly wet with boiling water until the saltpetre and soda 
is dissolved. The filtered fluid is now put in a platinum dish 
and carefully dried over a water bath, and after having been left 
for twenty-four hours over the exsiccator, it is weighed. 



Hence saltpetre and soda . . . 0'7JS3 >< 

Besides these two substances the residue contains the soluble 
parts of the wood pulp. For ordinary purposes this analysis is 
sufficient, and we have for the explosive examined : — 

Moisture 0-0323 gt&m 

Saltpetre, soda and dissolved pulp 0'75;3 

Wood pulp 0-3182 

Gun-colton o'o647 

Nilro-glycerine i'7^93 

Loss 0-0003 

2-9401 loo-oo 

If an exact analysis is desired, then, after the above-described 
proceeding we must determine the residue in the filtering 
paper : — 

Paper wilh residue i-oSoSgram 

„ aloae 0-7623 ,, 



Therefore dried wood pulp . 



3-3i8j 






Then a few drops of water with one drop of nitric acid are 
added to the salts in the platinum dish, and after that it is 
dried and weighed. From the difference the percentage of 
soda can be calculated, as the sodium carbonate has been 
changed by the nitric acid into sodium nitrate. For instance, 
let the first weight of saltpetre, soda, and dissolved wood pulp 
(as above) o*75S3 gram = P; the second weight = 0-7450 
gram = P, therefore difference = 0-0103 gram. The mole- 
cular weiglit of sodium nitrate is 85, twice the same = ijo ; 




I 



ANALYSIS OF EXPLOSIVES. 

the molecular weight of sodium carbonate - io6. We have 
then the proportion : — 

io6 ; (170—106) = X : o'oioj 
or 106 : 64 = jf ; 0-0103 

hence j = ' ,' '°3 = O'oi7i grain of sodinm catbooate. 
64 

To ascertain the percentage of the dissolved wood pulp, the 
contents of the platinum dish are heated until the saltpetre is 
melted ; it is then cooled, a little water and a drop of nitric aciil 
added, and then dried over steam. The dish is then heated to 
150" C, dried in an exsiccator and weighed :^If, for instance, 
the weight of the dish and contents is o"7273 gram, .then 
F = 0-7450, P" = 0-7273; the difference is 0-0177 gran"! 
equal to tlie weight of the dissolved constituents of the wood 
pulp. The above given weight of 0-7553 gi^ni has the fol- 
lowing composition : — 

Potassium nitrate 07205 gram = 24-50 per cent. 

Sodium carljonate .... O-DI71 „ = 0-58 „ ,, 
Dissolved wood pulp . . , 0-0177 >, = 0'6o „ „ 

f7SS3 » = 25-68 .. .. 
These examples show that an analysis of dynamite can be 
made at a small expense of time and means ; all that is needed 
is careful, intelligent work, and a good balance which is 
accurate to Tuomr of a gram. 



II. — Composition of Gun-cotton Samples, 

The gun-cotton prepared after the Lenk-Abel system shows 
a variable composition, as will appear from the table of results 
of analyses given below, which has been compiled by several 
observers, although the analyses were conducted on one and the 
same method, as follows ; — 

a. Determination of Moisture. — As in compressed gur.- 
cotton the moisture is not evenly distributed throughout the 
whole mass, it becomes important to obtain an average 
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sample. This is best obtained by dividing several cartridges 
into thin discs and sampling these perfectly. The divided 
gun-cotton is now weighed in a glass lube, which can be 
hermetically closed, and the weight of which has been 
previously taken ; it is exposed in this to the influence of a 
current of dry air at a temperature of 40° C, until its weight 
remains constant. To prevent any of the powdeted gun- 
cotton from being carried away by the current of air, the 
outlet of the tube is dosed by a cotton stopper. Parts of this 
sample are then taken for analysis, the weight of the tube being 
taken each time, so as to determine by the difference of weight 
how much of the gun-cotton has been taken out. 

b. Determination of Ash. — A certain weight of the gun- 
cotton is saturated with paraffin (about 5 grams will suffice) 
in a platinum-dish and set on fire, and the residue weighed. 

c. Extraction of Alkalies. — A certain quantity of dried 
gun-cotton is leached out with water, which dissolves any 
alkaline carbonates present. An addition of a carbonate of an 
alkaline earth is found by the analysis of the ash. All of the 
ash that is not soluble In hydrochloric acid, can be considered 
as sand. 

d. Determination of the contents of Mono- and 
Dinitro-'CelluloBe. — About 5 grams of the triturated and 
dried gun-cotton are saturated in a flask with absolute alcohol, 
and then ether is added. The flask is closed with a cork and 
left standing at the ordinary temperature of the room, shaking 
it gently occasionally till all the fibres are dissolved. Alcohol 
ether is now added till the solution is perfecdy fluid, and it is 
now passed tlirough a Hnen filter. Should the filtrate appear 
turbid, it is repeatedly passed through the filter. After 
carefully washing the filter with alcohol-ether it is dried in a 
current of air of 40° C. and again weighed. The difference 
between the weight of the gun-cotton sample itself and the 
weight of the residue on the linen filter gives the contents of 
mono- and dinitro-cellulose. 
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The residue consists of ash particles insoluble in water, rf 
trinitro-cellulose and unnitrated cotton fibres. 

c. Separation of Trinitro-cellulose from the Un- 
nitrated Cotton-fibres. — .\ pottioa of the residue from d 
w(;ighcd out in n. test tube, and repeatedly boiled with an excess 
of concentrated sodium sulphate. The trinitro-cellulose go< 
into solution ; whereas the unnitrated fibres are not attacked. 

The solution is passed through a weighed linen filter and 
washed with distilled water, till the drops of filtrate do not 
impart a brown colour to paper saturated with lead acetatei 
The filter is now washed with dilute hydrochloric acid, 
wash out traces of sulphate of iron, and at last is washed wi 
distilled water to free it from hydrochloric acid, then dried 
40° C. in a current of dry air and weighed. 

It is advisable to examine the residue obtained once more bj 
repeating the whole process, so as to see if any trinitro-cellulos* 
remains. The residue must not be considered as pure cotton, 
but must be incinerated, and the aahes leached 
hydrochloric acid and the residue which is insoluble must b© 
weighed out. As an explanation of the subjoined Table, 
must be first noticed that — 

Samples a and b are from the gun-cotton factory at. 
Kruppamiihle in Upper Silesia. 

Samples c and d are gun-cotton from some other continental 
factory. 

Sample e is English gun<otton extracted from a blasting 
compound named "Tonite," from the cotton-powder factory 
at Faversham. 

Samples under g and /( indicate the composition of Abel's 
gun-cotton according to MuspraL 

Sam])le ( gives the composition of a sample of English 
gun-cotton (which has been freed of its ash, amounting to 
I per cent) according to Champion and Pellet But instead 
of indicating the highest nitrated product of cotton by the 
name of trinitro-cellulose, Champion and Pellet by doubling 
the cellulose formula; used the name " Pentanitro -Cellulose. 
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Determination of the Ash Besidne of Gon-cotton.— 

In incinerating gun-cotton, collot! ion-cotton, or any other nitro 
rdlulosc, in consequence of the rapid development of gas dte 
ashes are blown away from the vessel, and an exact deteimination 
of the ashes becomes difficult. 

To avoid this the weighed quantity of gun-cotton i; 
impregnated with paraffin. The burning proceeds now slowly. 
and there is no loss of ashes. The modus operandi is .-^ 
follows : 

A <]uantity of clear paraffin, just sufficient to impregnate 
the gun-cotton, is melted in a platinum dish. An excess oi 
paiaffin is not objectionable. After the gun-cotton is soaked 
it ia set on fire. The contents of the dish do not bum now 
any faster than pure paraffin would. There remains a 
carbonaceous residue, which can be incinerated. 

The results obtained in this manner by Captain Hess are 
very satisfactory, and a sample of gun-cotton from a German 
factory gave, after two trials, a percentage of ash of a -40 and 
a '41 per cunt. A second assay gave z'44 and 2 '56 per cent., 
and a third assay gave t'ZT, and z'34 percent 

A sample of English gun-cotton gave in three determinations 
an ash content of 4" 14, 4*19 and 4- it per cent. 



III. — Qualitative and Quantitative Chemical Analysis 

or NiTRO-GLVCERlNE COMPOUNDS. 

Ingredients of Nitro-glycerine CompoirndB. — In the 

determination and separation of the ingredieats which are con- 
tained ill the various nitro-glycerine compounds, account is 
taken of the various parts which they play, and hence they aiQ 1 
classified as follows ; — 

t. Explosive ingccdienls. 

3. Absorbents which are non-explocive and play no part in the expla 

3- Absorbcnis which aie chemically active and which aie subdivii 

a. Mineral absoTbent^ 

b. Oigiinic absQibcDti, 
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4. Osklising agents, which promote the comboslion of the orgnnic 
abbotbents during the explosion. 

5. Ingredieols which conttibntc to the stability of the explosive 
compounds. 

6. Ingredients which nre intended to imparl certain ndvnnlnyeous 
technical properties to the nitro-glycerioe compounds, besirlea the explosive 
effect. 

1, As explosive ingredients of the nitro-glycerine compounds 
we have : Nitro-glycerine, gun-cotton, collodion-cotton, nitrated 
wood fibres. 

2. As absorbents, which are non-explosive, and play no 
part during the explosion, we have : Kieselguhr, Randanite, 
Tripoli clay, and argillaceous earth. 

317, Mineral absorbents, which act chemically through the 
volatile gases which are developed by the heat generated 
duKng the explosion, such as chalk, carbonate of magnesia. 

3^. Organic absorbents, such as sawdust, wood pulp, paper 
pulp, charcoal, brown coal and stone coal. 

4. As mineral oxygen carriers we have : Saltpetre, nitr:iie 
of soda, nitrate of ammonia and nitrate of baryta. Sometimes 
chlorate of potash is used, as in Se'ranine and Horsley 
powder. 

5. The ingredients which contribute to the stability of the 
explosive compounds are generally the carbonates of the 
alkalies and alkaline earths, like carbonate of soda, carbonate 
of ammonium, carbonate of Hme, carbonate of magnesia. The 
two last serve also as absorbents for the nitro-glycerine. 

6. Otiier additions are : Paraffin, sulphur, resin and other 
substances which are utilised to modify the absorbing capacities 
of the absorbents and diminish their hygroscopic properties. 
To diminish the sensitiveness of the nitro-glycerine to mc- 
chanica! and thermal influences, camphor is added in some 
instances. 

Qualitative Examination of Kitro-glyoerine Com- 
pounds. — For the qualitative examination of the nitro-glycerine 
compounds, the following advice is given : 

The compound is very finely divided, which is done by 
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cutting the gelatine into very thin sections, and when tlid 
corai>ound is pulverulent it is treated with ether, but when ' 
gelatinous, with a mixture of two parts of ether and one of 
alcohol. In the first case, the nitro-glyccrine is extracted, and 
if paraffin, sulphur, resin or camphor is present, they are also 
dissolved. In the second case the collodion-cotton is ato 
dissolved. 

Reactions of the Nitro-glycerine. — The ether solution is evapo- 
rated on a water bath at a temperature of about 30° C. To 
prove the presence of the nitro-glycerine as such, a drop of it is 
taken out on a piece of blotting-paper and is hammered on an 
anvil, which causes an explosion. 

The portion dissolved in alcohol and mixed with an alcoholic 
solution of ammonium sulphide will cause the separation of 
sulphur. 

A solution of ferrous sulphate, to which a few drops of 
muriatic acid are added, will give, when a drop of nitro- 
glycerine is added and on slighdy warming, the nitrogen- 
oxide reaction. 

On adding a drop of the oil to an iodide of potassium and 
starch solution, acidulated with dilute sulphuric acid and con- 
taining some zinc filings, a blue coloration of the liquid wfll 
be produced. 

If after evaporation of the ether the oil shows a specific 
gravity of i ■ 6 and has no smell, it can be concluded that it is 
pure nitro-glycerine, 

In maJcing these tests pure ether must be employed, as 
otherwise the impurities which are less volarile will be found in 
the residue. This will be especially the case with acetic ether. 

Reactions for Paraffin, Sulphur, ami Resin. — ■ If after ihc 
evaporation of the ether {when the solution is completed) tin 
residue is carefully examined, and if the presence of paraflir,. 
sulphur, and resin is suspected, then the nitro-glycerine i^ 
decanted, and the residue pressed between filtering-paper as 
Ions 2S it shows any faL 

By boiling the residue with soda solution the resin is first 
dissolved. 
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t.Another portion of the residue after drying is treated with 
1 regis, by which any sulphur will be converted into sul- 
furic acid, which is then precipitated as barium sulphate. 
pAnother portion of the residue is boiled with a solution of 
m sulphide, whereby the sulphur dissolves and 
forms ainmonium polysulphide, and the paraffin after cooling 
collects as a crust on the surface of the liquid, and can be 
washed with water, dried and subjected to a further exami- 

The test for paraffin can also be made after the evaporation 
of the ether from the oil, by taking some of the sample and 
treating it with alcohol, and pressing between filter-paper till all 
the liquid is absorbed. Then the residue is tested as to its 
fusibility and its boiling-point, and the smell of its distillation 
products noticed. 

The resin which may be present can be saponified by boiling 
with soda solution, from which the resin can be precipitated by 
hydrochloric acid. 

Reactions of Collodion-cotton and Camphor. — If the etlier 
solution contains camphor, this is recognised at once by its 
smell. 

If the explosive is treated with a mixture of alcohol and 
ether, then on addition of chloroform the mono- and dinitro- 
cellulose is separated. By now heating gradually from 30° to 
80" C, the solution is freed from ether, alcohol, and chlo- 
roform. 

The mono- and d in itro -cellulose which is separated is recog- 
nised by its esplosibility when struck with a hammer on an 
anvil ; and also through its deportment with sodium sulphide 
solution, in which it dissolves on boiling. By boiling it with 
hydrochloric acid and ferrous sulphate it ought to give the 
nitrogen oxide reaction. 

Keaetion of the Nitrates, Chlorates, and Carbonates soluble in 
Water. — The residue from the extraction of the explosive with 
ether or alcoholic ether is now treated with hot distilled water, 
whereby the nitrates, chlorates, and those carbonates which are 
soluble in water go into solution. The determination of these. 
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substances in the aqueous solution offers no difliciilty. Tk 
residue which remains after leaching with hot water, if. ihe 
explosiie in the first instance has oilly been treated with ethet. 
may conLitn reiono-, di- and trinitro-cellulose, but if the estraC' 
lion has been carried on with alcoholic-ether only trinitro 
cellulose, the higher nitro- products, and a 1 the other sub- 
stmces which are insoluble in alcohol, ether and water. 

Jteadion for TrinilriKellulose. — The presence of iriniiro- 
cellulose in the residue is determined ;— 

1. By examining the residue under the microscope by means 
of polarised light ; the trinitro-cellulose shows the oiiginal 
structure of the cotton fibres, hut they are of a dull aspen, 
while the unn'trated fibres show a very vivid ])lay of prismas 
colours. 

2. By boiling the residue with ferrous sulphate solution and 
hydrochloric acid, the nitrogen oxide reaction will set in if 
any trinitro-cellulose is present. 

3. On boiling the residue with an alcohol solution of caustic 
potash, when the filtrate is slightly acidulated with sulphuiic 
acid, free nitric or nitrous acid ought to be recognised. 

4. On separating the fibres taken for trinitro-cellulose, and 
examining them in regard to their inflammability and expifr 
sibility. The trinitro-cellulose can be separated from the 
residue, by boiling It with sulphide of sodium solution, filtering 
and washing with distilled water, which will leave the other 
insoluble ingredients behind. 

Jit-action for Carbonate of Lir/ie, Carbonate ef Magiusia, atd 
Argillaceous Earth. — When the residue which contains these 
substances U treated with hydrochloric acid, the carbonate of 
lime, carbonate of magnesia, and also the argillaceous earth, 
goes into solution, and the substances enumerated under 3 anii 
3^ remain behind. 

Examination of tlie Residue: Wood, Coal, Imoluble Minn^^ 
Substances. — The residue is examined under the microscofi 
Sawdust, wood pulp, and charcoal are easily recognised by Hk 
structure and colour. 

The wood fibres can be dissolved with caustic potash soU; 
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tion, and are precipitated with a brown colour by means of 
acids. 

Brown coal will also enter into solution with caustic potash. 

The residue when incinerated will yield beside wood and 
stone coal ash, any mineral substances which may have been 
contained in the explosive substance. The microscope must 
have detected the kieselguhr beforehand, if any was present 

Quantitative Examination of Nitro-glycerina Com- 
pounds. — A. Extrusion with Etitcr. — The extraction of the 
nitro-glycerme, in most cases, is best effected with ether. 
Ether is the best solvent for nitro-glycerine on account of its 
great volatility, and also because ether leaves nearly all other 
substances behind without acting on them as a solvent. 

The sample which is submitted for analysis is first dried 
under the exsiccator over chloride of caldum. The use of sul- 
phuric acid for drying nitroglycerine and similar compounds, 
as well as fulminates, ought lo be avoided in all cases, as 
serious acddenis might happen by spilling some of the explosive 
info the acid. The sample is now treated on a filter with ether, 
as fully described previously. 

The ether solution is collected in a small beaker, previously 
weighed, and evaporated on a water bath- There is a moment 
during the evaporation when the clear liquid, in consequence 
of the partial separation of the nitro-glycerine from the ether, 
shows a milky turbidity; and the operation is now closely 
watched rill this turbidity disappears, when the beaker is at once 
taken away from the bath. The nitro-glycerine still contains 
small quantities of ether, or acetic ether, and to free it from 
these traces and also from moisture, it is put again under the 
vacuum of an air-pump over chloride of calcium. The nitro- 
glycerine can be weighed as soon as no smell of ether is 
noticed, and the operarion is repeated until the weight is 
constant. 

Determination of the Nitro-glycerine in the presence of Paraffin, 
Resin, or Sulphur, Determination of these Substances. — If ihi 
explosive contains beside nitro-glycerine other substances, Ivt^ 
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paraffin, resin, oi sulphur, which are also soluble in ether, ib^e 
go into solution along with it. After evaporation of the ether, 
the nitro-glycerine, irith the adhering snbstances, is weighed 
and then heated oa a water bath with a soda solution. The 
resin goes into solution, and b separated by decantation from 
the rest, precipitated with hydrochloric acid, and collected on 
a weighed filter, previously dried at a temperature of loo' C, 
washed, and again dried as before, and weighed. The nitro- 
glycerine is taken up with strong alcohol, decanted, and the 
remaining mixtare of paraliin and sulphur washed with atcohoi, 
then dried and weighed. 

To separate the sulphur from the paraffin, the mixture is 
heated with a solution of ammonium sulphide in water. After 
cooling the paraffin collects as a cnist on the surface, and by 
pricking a small hole through ii the liquid underneath is 
poured off, and after washing with water and drying the paraffin 
is weighed. 

The quantity of the nitro-glycerine and that of the sulphur 
is determined by difference. 

Bl Extraction with Etker-AUohol. Determifiaiion of tht 
Nitro-glyeeritu in Gelatinised Explosives, Determination of the 
other Substances which eon be Extracted with Alcoholic Ether. — 
In acting on gelatinised materials, it is better to use alcoholic 
ether and to dissolve the nitro-glycerine and collodion-cotton at 
once, and to precipitate the collodion-cotton by adding chloro- 
form. 

If camphor is present it is extracted with bisulphide of 
carbon after the compound is treated with the ether-alcohoL 

Iq case any paraffin, sulphur, or resin is present they will go 
over into solution with the camphor in the sulphide of cariion, 
and the easily volatile camphor can be separated by evapora- 
tion from the difficultly volatile paraffin, tesin, or stdphur. If 
the weight of the extract freed from ether-alcohol but not yet 
treated with bisulphate of carbon is = a; and if the weight of 
the extract after treatment with bisulphide of carbon and evapo- 
ration of the same is = b; and if the weight of the residue 
which is left after evaporating the bisulphide of carbon and the 
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camphor it held in solution is = ■:,■ we find the percentage of 
camphor to be : a — b — c. 

The residue c may conlain traces of nitro-glycerine, some 
paraffin, resin, or sulphur, and their separation may be effected 
by the method described beforehand, 

C Separation and Determination of the Ingredients which are 
Insoluble in Ether and Elher-Aleohol. — fn the residue which 
remains after the treatment of the explosive with ether and 
alcoholic ether, there may be present some bodies enumerated 
under 2, ^a, ^b, 4 and 5. 

If, according to the qualitative analysis the residue, consists 
of refractory substances, they can be incinerated with the filter 
and weighed. But it is better first to dry the filter in a current 
of dry air at 60° C, and to weigh, and then bum the filter and 
weigh again, and determine by this means whether or not the 
residue contained small quantities of organic substances. 

If the residue contains other ingredients, it is treated in the 
following manner ; — 

Extraction with Water. — If soluble salts are present, after 
the weight of the residue on the filter is determined, they are 
leached out with hot distilled water, the filtrate evaporated, 
dried at 120" C, and its weight determined. If the extract 
contains carbonates and no chlorates, the residue is dissolved 
again in water, neutralised with nitric acid, evaporated on a 
water bath, dried at 120° C, and again weighed. By this 
proceeding the carbonates are converted into nitrates, and from 
the difi'erence of the two weighings the quantity of carbonic acid 
is determined. 

The separation of the different bases is carried out according 
to the known analytical methods. 

In case any chlorates are present in the aqueous solution of 
the soluble salts, a portion of it is taken, and the carbonic acid 
16 first determined as calcium carbonate through precipitation 
with calcium nitrate, and after separation of the precipitate the 
solution is evaporated and heated and the chloric acid deter- 
mined as silver chloride. 

Another portion of the aqueous solution is taken for the 
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purpose of deleiroiniDg the nitric acid through conversion into 
ammonia. 

The deteiTOUiation of the different bases is carried on with 
still a separate portion of the aqueous solution. The residue 
which is left after the extraction with vater is treated as 
follows : — 

Separation and Dderminatim of Trinitro-aUulose. — If trinilro- 
cellulose is present, then a part is taken from the filter and 
boiled in a concentrated solution of sodium sulpliide. The 
nitro-cellulose goes thereby into solution, and is passed througli 
a weighed filter, which is carefully washed with distiLed water, 
dried and weighed- The difference of weight gives the per- 
centage of trinitro-cellulose. 

Exfrattion with Hydrochloric Acid. — The residue whidi 
remained on the above filter, after separating from it the 
trinitro-cellulose, is treated with dilute hydrochloric acid, which 
dissolves out the carbonates of lime and magnesia and also the 
argillaceous earth, and in the solution the different bases are 
determined. The residue is washed with water, and after drying 
is weighed on a filter, and from the difference or weight the 
quantity or alkaline and earthy carbonates is found. 

Determination of the Organic and Inorganic Absorbents.— 
This residue contains, besides the wood, coal or similar organic 
substances, the insoluble mineral absorbents also. 

Through incineration the organic substances can be separated, 
and the insoluble mineral substances are weighed as a residue. 
If there are several organic absorbents, such as wood pulp and 
charcoal, a satisfactory separation of these two substances 
cannot be made here, but they must be determined by means 
of an elementary organic analysis, which will establish the 
relative proportion of these ingredients quite approximately. 

Notes as to the Analysis of Nitro-gelatine con- 
taining Camphor. — To determine the camphor, the nitro- 
gelatine is cut into very thin slices and digested in a flask with 
a mixture of alcohol and ether at a temperature of 30° C. 
About 30 cubic centimetres of the solvent are taken for o'j 
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s of the gelatine, and the solution is effected after several 
hours, with the exception of some pen tanitro-cellu lose aad 
unnitratcd cotton. 

The clear solution is poured into a beaker and the flask 
washed with a little ether, and this added to the solution in 
the beaker. The whole is now mixed with about three times 
its volume of chloroform, which separates the collodion-cotton 
as a gelatinous mass, and this is collected on a linen filter, air- 
dried at 70° C. and weighed. The filter is washed with a 
little chloroform. After drying the filter, its increase in weight 
determines the quantity of collodion-cotton. 

The filtrate is kept at a temperature of 30° C, and after 
being put over chloride of lime in the vacuum of an air-pump, 
it is freed from the alcohol-ether, chloroform and moisture, and 
tlie nitro-glycerine and camphor remains. 

A portion of this remaining solution of camphor in nitro- 
glycerme is now taken in a test tube and mixed with 20 c,c. 
of bisulphide of carbon and well shaken. The camphor and a 
very small portion of nitro-glycerine dissolve in the bisulphide 
of carbon, and this solution is now decanted from the remaining 
nitro-glycerine. The nitro-glycerine and the decanted liquid 
are e.\posed first to a temperature of 20° C, then to 60° C, 
and at last in the vacuum of an air-pump over calcium chloride 
till the bisulphide of carbon in both samples, with the camphor 
contained in one, is evaporated. The evaporation of the 
camphor is noticeable by the smell. The test tube which 
contained the bisulphide of carbon shows now a few drops of 
nitro-glycerine, which were dissolved with the camphor and 
which has separated now from it The principle of this 
method therefore consists in dissolving the camphor, wiiich is 
held with great tenacity by the nitro-glycerine, in bisulphide of 
carbon. 

A very small quantity of nitro-glycerine is lost by this 
method through its volatilisation with the bisulphide of carbon, 
and it is of importance to determine this loss, so as to correct 
the weight of the separated nitro-glycerine. Captain Hess 
several tests, to determine the loss occasioned in this 
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way, by shaking well together 4 to s grams of nitro-glycerioi 
and 2o C.C. of bisulphide of carbon, decanting and evaporat- 
ing as before stated. The nitro-glycerine weighed afterwards 
showed by repeated tests an average loss of i ■ 25 per cent 

Hence in an analysis of nitro-gelatine, containing camphor, 
this quantity has to be added to the weight of nitro- | 
glycerine found. The quantity of camphor is therefore ' 
determined by difference. A small quantity of camphor i 
also lost during the evaporation of the ether-alcohol and | 
chloroform solution, and this loss has to be determined, 
see how exact this method is. Captain Hess prepared several 
samples of nitro-gelatine himself, and from the synthetic con- 
ditions and the results of the analysis he found it satisfactory. 
From roo parts of dry camphor gelatine he obtained 



Nilro-glycerine . 
CoUiidion-colton 
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APPENDIX B. 

DETERMINATION OF STABILITY.—INSTRUC- 
TIONS AS TO TESTS ISSUED BY THE 
HOME OFFICE.' 



Heat Test as applied to Explosives of the Nitro- 
compound Class (as defined by Order in Council, No. i, 
I of 5th August, 1875). 
isel 



General Instkuctions, 
Apparatus requtrid. 
A water bath, consisting of a spherical glass or copper 
;1 (o), Fig. 102, of about 8 inches diameter, and with an 
aperture of about 5 inches ; the bath is filled with water to 
within a quarter of an inch of the edge. It has a loose cover 
of sheet copper about 6 inches in diameter {b), and rests on a 
tripod stand about 14 inches high {c), which is covered with 
coarse iron wire gauze {«■), and is surrounded with a screen of 
thin sheet tin or copper (d). Within the latter is placed an 
argand burner (J) with glass chimney. The cover {b) has 
four holes arranged as seen in Fig. 103, No. 4 to receive the 
regulator, No. 3 the thermometer, Nos. i and 2 the test tubes 
containing the gun-cotton or other materials to be tested. 
Around holes i and z on the under side of the cover are 



H&l 



indebtaJ 10 Colonel V, D. Majendie, li.M. Chief Inspectoi 
:ploaves, for a copy of ihese Instructions. 
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wcMatf three pieces of brass wire with points slightly 
cODYcrgiDg (I^ 103) ; these act as springs and allow ug 
test-tubes to be eadJy placed in postioo and renuTed. 
*2. Scbeiblci'8 or Page's tempeiatore [^:atator. 




■3. Two cells of Le Clanche s battery No. 1 1 „ < . 

, . , ]r-,.j ■ < regulator 15 

"4. A few yards of insulated copper wire | , 

5- Test tubes from si to 54 inches long, and of such 
diameter that they will hold from zo to zz cubic centimetres 
of water when fiUed to a height of 5 inches. 

• This is not abaolulely reqnired, as the temperatore of the bath can be 
kept couaiatit by pioper atteotios to the beatiog flajne. 
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6. Indb-nibber stoppers, fitting the test tubes and canjin^ 
an arrangement for holding the test paper, viz., a narrow glass 
tube passing through the centre of the stopper, drawn out so 
as to form a hook, or terminating in a platinum wire hook 
(Fig. 103). 

7. A thermometer, with range not less than from 30° to 
2 12'' Fahrenheit. 

8. A minute clock. 

Materials Required, 

a. Test Paper. — The test paper is prepared as follows: — 
4S grains of white maize starch (corn-flour), previously 
washed with cold water, are added to 85 oz. of distilled water; 
the mixture is stined, heated to boiling, and kept gently 
boiling for ten minutes; 15 grains of pure potassium iodide 
{i.e. which has been re-cry stalised from alcohol) arc dissolved 
in 8y oz. of distilled water. I'he two solutions are thoroughly 
mixed and allowed to get cold. Strips, or sheets, of white 
English filter paper, previously washed with water and re-dried, 
are dipped into the solution thus prepared, and allowed to 
remain in it for not less than ten seconds; they are then 
allowed to drain and dry in a place free from laboratory fumes 
and dust. The upper and lower margins of the strips, or 
sheets, are cut off and the paper is preserved in well-stoppered 
or corked bottles and in the dark. When the paper is 
freshly prepared, and as long as it remains in good condition, 
a drop of dilute acetic acid, put on the paper with a glass rod, 
produces no coloration. In process of time, however, the 
stronger the light to which the paper is exposed, the sooner 
a drop of the acid produces a brown or bluish coloration {a 
single hour of direct sunlight produces a marked effect), and 
whenever this is the case the paper should be rejected. On 
this account it is advisable not to prepare too much of the test 
paper at one time, but to prepare it fresh every month or so. 

b. Standard Tint Paper. — A solution of caramel in water 
is made of such concentration that when diluted one hundred 

I times (10 c.c. made up to i litre) the tint of this diluted solu- 
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tii>D equals the tint produced by the Nessler test in 100 cc 
water containing o'oooo^g grm. of ammonia or O'ooo235o5 
grm, of chloride of ammODium, With this caramel s'dution 
lines are drawn on strips of white filter paper (wliicli paper 
must be carefully washed with distilled water in the first 
instance, to remove any traces of bleaching matter, and dried) 
by means of a clean quill pea. When the marks thus pro- 
duced are dry the paper is cut into pieces of the same size 
as the test paper previously described, in such a way thai 
each piece has a brown line across it near the middle of its 
length, and only such strips are preserved in which the brown 
line has a breadth varying from ^ mm, to i mm. (^ inch to 
s's inch). 



Testing Dynamite, BlaBting-Gelatine, and other 
Explosives of the First Division of the Nitro- 
compound Class. 

A. — Dynamite, &o., &c. 

Nitro-glycerine preparations, from which the nitro-glycerine 
can be e^ttracted in the manner described below, must satisiy 
the following test, otherwise they will not be considered 
as manufactured with " thoroughly purified nitro-glycerine 
within the terms of the license. 

This test, however, though at preseot looked upon as the 
most important, as far as testing the purity of the nitro- 
glycerine is concerned, is only one of several which any 
given sample of nitro-glycerine preparation has to satisfy 
order to establish its compliance with the definition in the 
license. 

The test, although at present accepted as regulating and 
defining the meaning of the terms " thoroughly purified," may 
nevertheless be modified or superseded if, in the opinion of 
the Home Office, such alteration may at any time be deemed 
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1 cylia- 



Apparalus Required. — A funnel a inches across (/i) a 
dricaJ measure divided into grains (;■), see Fig. 105. 

Made of Operalion. — About 300 to 400 grains of dynamite (b) 
finely divided ate placed into the fiinnel, which has previously 
LJiwen loosely plugged by some freshly ignited asbestos (a). 

The surface is smoothed by means of a flat-headed glass 



\tnt^ 




lod or stopper, and some clean washed and dried Kie- 
selguhr (■:) is spread over it to the depth of about \ inch. 

Water is next carefully dropped from a wash bottle upon 
this Kieselguhr, and when the first portion has been soaked 
up, more is added; this is repeated until sufficient nitro' 
glycerine has been collected in the graduated measure (<r) 
below. 

If any water should have passed through with the nitio- 
glycerine, it should be removed with a piece of blotting-paper. 
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and the nitro-glycerine, if necessary, filtered through a dry 

paper filter. 

Application of the Test, — The thermometer is fixed so as to 
be inserted through the lid of the water bath described before 
into the water (which is to be steadily maintained at a tempe- 
rature of 1 60° Fahr.) to a depth of 2 J inches. Fifty grains of 
nitro-glycerine, to be tested, are weighed out into a test tube m 
such a way as not to soil the sides of the tube. A test mper 
is fixed on the hook of the glass rod so that when inserted into 
the tube it will be in a vertical position. A sufficient amount of 
a mixture of half distilled, water and half glycerine to moisten 
the upper half of the paper is now applied to the upper edge 
of the test paper, by means of a camel's-hair pencil, the cork 
carrying the rod and paper is fixed into the test tube and the 
position of the paper adjusted so that its lower edge is about 
half-way down the tube ; the latter is then inserted through one 
of the perforations of the cover, to such a depth, that the 
lower margin of the moistened part of the paper is about 4 of 
an inch above the surface of the cover. The test is com- 
plete when the faint brown line, which after a time makes 
its appr.race at the line of boundary between the dry and 
moist part of the paper, equals in tint the brown line of the 
standard tint paper. 

The nitro-glycerine under examination will not be considered 
as thoroughly purified within the terms of the license, unless 
the time necessary to produce the standard tint as above 
described is at least 15 minutes. 

B.-^Blasting-Gelatine, Gelatine Dynamite, and 

AnalogoiLs Preparations. 

Fifty grains of blasting-gelatine are to be intimately 

orporated with 100 grains of French chalk. This may 

readily effected by carefully working the two materials 

*r with a wooden pestle in a wooden mortar. The 

'<« to be gradually introduced into a test tube of the 

recommended above for the dynamite he^ test, 
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with the aid of gentle tapping upon the table, between the 
introduction of successive portions of the mixture into the 
tube, so that when the tube contains all the mixture it shall 
be filled to the extent of ij inch of its heighL The test 
paper is then to be inserted, and the heat is to be applied in 
the manner prescribed above for the dynamite heat test, and 
the sample tested as to withstand exposure to i6o° Fahr. for 
a period of ten minutes, before producing a discoloration of 
the test papers corresponding in tint to Che standard colour 
test which is employed for governing the results of the dynamite 
heat test. 



Testing Gan-cotton, Schultze Gunpowder, E. C. 
Powder, and other Explosives of the 2nd Division 
of the Nitro-compoand Class. 

A. — Compressed Gun-cotton, Tonite, &c., &c. 

Sufficient material to serve for two or more tests is removed 
from the centre of tlie cartridge by gentle scraping, and, if 
necessary, further reduced by rubbing between the fingers. 

The fine powder thus produced is spread out in a thin layer 
upon a paper tray 6 inches by 4? inches, which is then placed 
mside a water oven, kept, as nearly as possible, at 120° Fahr. 

The wire gauze shelves in the oven should be about 3 inches 
aparL The sample is allowed to remain at rest for fifteen 
minutes in the oven, the door of which is left wide open. 

After the lapse of fifteen minutes the tray is removed and 
exposed to the air of the room for two hours, the sample 
being at some point within that time rubbed upon the tray 
with the hand, in order to reduce it to a fine and uniform state 
of division. 

Application of the Tw;",— The cover of the water badi is fitted 
with the gas regulator which is inserted through the centre hole 
(No. 4), The thermometer is fixed into hole No. 3. The water 
in the bath is then heated to 150" Fahr., and the regulator set 
to maintain that temperature. 
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Twenty grains of the sample to be tested are weighed 
placed in the test tube, and gently pressed down until tbi 
specimen occupies a space of as nearly as possible i^V 'nclt 
in a test tube of the dimensions specified. 

A test paper is affixed to the hook of the glass rod or tulxj 
and moistened by touching the upper edge with a. drop 
distilled water containing 50 per cent, of Price's glycerina 
The quantity of liquid used must be only sufficient to moisten 
about half of the paper. 

The cork carrying the rod aud test paper is then fixed intSi 
the test tube, and the latter inserted into the bath to a depth 
of 2^ inches, measured from the cover, the regulator and 
thermometer being insetted to the same depth. The lest paper 
is to be kept near the top of the test tube, but clear of' 
the cork, until the tube has been immersed for about &i 



A ting of moisture will about this time be deposited tipcm 
the sides of the test tube a little above the cover of the baihj 
the glass rod must then be lowered until the lower margini 
of the moistened part of the paper is on a level with t 
bottom of the ring of moisture in the tube ; the paper is no# 
closely watched. 

The test is complete when a very faint brown coloratitrii 
makes its appearance at the line of boundary between the dijf 
and moist parts of the papet. 

The interval of time between the first insertion of the tube 
containing the sample of gun-cotton in the water at 150° and 
the first appearance of discoloration on the paper constitutes 
the test, and this interval of time must be no/ hss thai 
ten minutes, or the sample will not be accepted as properlji 
purified. 

B. — Schultze Powder, E. C. Powder, CoUodion- 
CottoQ, &a., &c. 

Sufficient of the sample, without further mechanical division, 
is dried in the oven as above, and then exposed for two hours 
to the air. The test as directed above for compressed guni 
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cotton, &.c.f is then applied, tlie toimmura duratioD of test 
being the same, viz. ten mioutes. 



Exudation and Liquefaction Test for Blasting-Gela- 
tine, Gelatine-Dynamite, and Analogous Prepara- 
tions. 
Test for Liquefaction. ^A cylinder of blasting-gelatine 
is to be cut from the cartridge to be tested, the length of the 
cylinder to be about equal to its diameter, and the ends being 
cut flat. 

The cylinder is to be placed on end on a flat surface without 
any wrapper, and secured by a pin passing vertically through 

In this condition the cylinder is to be exposed for 144 con- 
secutive hours {six days and nights) to a temperature ranging 
from 85° to 90° Fahrenheit (inclusive), and during such expo- 
sure the cylinder shall not diminish in height by more than 
one-fourth of its original height, and the upper cut surface shall 
retain its flatness and the sharpness of its edge, 

JVa/e, — If the blasting-gelatine and the gelatine-dynamite to 
be tested be not made up in a cylindrical form, the above test 
is to be applied with the necessary modifications. 



Teat for Liability of Exudation.— There shall be no 
separation from the general mass of the blasting-gelatine or 
gelatine-dj'namite of a substance of less consistency than tlie 
bulk of the remaining portion of the material, under any con- 
ditions of storage, transport, or use, or when the material is 
subjected three limes in succession to alternate freezing and 
thawing, or when subjected to the liquefaction test hereinbefore 
described. 




APPLICATIONS FOR AUTHORISATION OF 
K XI'LOSIVES, — INSTRUCTIONS ISSUED 
BY THE HOME OFFICE. 



Memo.] 

EXPLOSIVES ACT, 1875. 
(38 Vict cap. 17.) 

When an inventor desires a new explosive to be placed on 
the list of " Authorised Explosives," with a view to its being 
ultimately licensed for manufacture or importation, the steps to 
be taken are as follows : — 

(b) The inventor {or his agent) must write stating (con- 
fidentially if preferred) the exact composition of the explosive 
he proposes to submit,* and the name by which it is to be 
distinguished. 

This done, the applicant will be infonned as to the amount 
of fee payable for the examination of the same under the scale 
of fees laid down by the Secretary of State. This fee will then 
have to be deposited at the Home Office, and will not be 
returned whether the result of the examination is or is not 
favourable to the introduction of the explosive. 

(i) The inventor will then be asked to submit samples (the 

• A copy of the Patent SpeciGcatiuQ should be sent where practicable. 
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requireJ amount being stated), and when he reports them 
ready a special permit for their conveyance will be sent to 

(c) The general result of the examination will be communi- 
cated to the inventor. If it is found that the explosive is likely 
to be reasonably safe under ordinary conditions of manufacture, 
transport, and use, and especially that it is not too sensitive to 
friction or percussion, or a combination of these, an application 
for a license to manufacture or import the same, will be enter- 

If, however, the explosive fails to comply with the above 
conditions, it will not be placed on the list of Authorised 
Explosives. 

V. D. MAJENDIE, Colonel, 

Chief Inspector of Explosives. 
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THE EXPLOSIVES ACT, 1875. 
(38 Vict, c 17.) 
In the following abstract of tliis enactment, either the 
si.ince or (in many cases) the full text is given of those portions 
of the Act which it will be useful for manufacturers, vend 
and users of high explosives, or importers or carriers of tl' 
substances, to have at hand for reference. 

The Act — which is intituled, " An Act to amend the Laiifj 
with respect to manufacturing, keeping, selling, carrying, ; 
importing Gunpowder, Nitro-glycerine, and other explos 
substances"— was passed 14th June, 1875, and came 
operation on ist January, 1876. There is no occasion 1 
notice here those sections of the Act which made temporaiyl 
provision concerning factories or stores for explosives J 
existing when the Act was passed and authorised under ' 
previous Acts; and the provisions of the Act (Part I.) which 
relate to gunpowder will be set out here in those cases only 
in which the same provisions are subsequently applied by 
the Act (Part II.} to high explosives. 

In many of its provisions, the requirements of the Act are not 
easily followed, but on this point the remarks of Sr Frederick 
/JA-i: will commend themselves : — " It can hardly be doubted J 
that the somewhat complicated machinery of the Act, found <k 
necessary in the first instance in order to attain an efficient \ 
control over the making, carriage, keeping, &c., of all explosive 
substances in their great variety of forms and applications, 
from barrels of powder and ship-loads and stores of dynamite, 
ammunition, and detonators, to drawing-room fireworks, sub- j 
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stitutes for pigeon-shooting, and toy crackers w 11 n lue 
course be much aimplified. There can be no doubt tl t 1 e 
action of manufacturers and vendors themselves w 11 n pov 
tantly contribute (and has, indeed, already to so e e\ti; I 
contributed) to such simplification, not by theur raising 
difficulties and entertaining or conniving at attempts of evasion, 
but by their ready adoption of obviously wise precautions and 
iraprovetnents, and by the systematic exercise of care and 
vigilance within their individual spheres of infiuence." 

Definition of Explosive. 

In the Act the term " explosive " is defined to mean gun- 
powder, nitro-glycerine, dynamite, gun-cotton, blasting powders, 
iulminate of mercury or of other metals, coloured fires, and 
" every other substance, whether similar to those above 
mentioned or not, used or manufactured with a view to pro- 
duce a practical effect by explosion or a pyrotechnic effect " ; 
and it also includes fog-signals, fireworks, fuzes, rockets, per- 
cussion caps, detonators, cartridges, ammunition of all descrip- 
tions, and " every adaptation or preparation of an explosive 

above defined " (s. 3). 

S<ope of the Ad. 
By the Act, various powers for the control of the manufac- 
ture of explosives, and of all trafficking therein, are vested in 
(i) the Secretary of State (/>., in practice, the Home Secretary), 
who is authorised to appoint Government Inspectors of Ex- 
plosives ; (2) in the Local Authoiities defined by the Act ; and 
(3) in Harbour Authorities. For the effective administra- 
tion of the Act, large powers of search and inquiry are given to 
the Government Inspectors, and (in a lesser degree) to officers 
of Local Authorities. Breaches of law under the Act — whether 
of its express provisions or of rules or bye-laws framed under 
it — render the offenders liable to heavy and summary penalties, 
and these will be found mentioned in the following pages in 
;very case specified in the Act. Where exception may be 
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taken by the occupier of premises licensed under the Act 
the requisitions made by a Government Inspector, provision k 
made by ihc Act for a reference of the matter in dispute to 
arbitration. Special provision is also made for official inquiry 
into accidents occurring with explosives, not only io a factory, 
magazine, or store licensed under the Act, but on any 
" carriage, ship, or boat " used for conveying explosives ; and 
special regulations are required to be observed at coronenl 
inquests on deaths resuhing from accidents with explosives. 



Local Aulherities. 



Local Authorities for the purposes of the Act are— 



The 

In England (s. 67), 
(i.) In the City of London, the court of the Lord Mayor 

and Aldermen 
(a.) In the Metropolis outside the City of London, thft; 

Metropolitan Board of Works* ; and 
(3.) In any borough not assessed to the counly rate by' 

the county justices, the Mayor, Aldermen, and 

gesses acting by the Council ; but 
(4.) In any harbour within the jurisdiction of a harbour 

authority, whether situate or not within the jurisdi 

tion of any local authority before mentioned, the 

Harbour Authority, to the exclusion of any other 

local authority 
(5.) In any place in which there is no local authority 

above the Justices in petty sessions assembled." 

By s. 6S the Secretary of State is empowered to declare^ 
the Council of a borough assessed to the county rate, 

" hj Ihe Loc«l Government Acl, 1888, Ihe pnwers, doliea, and liatuUtk 
of the Metropolitan Board of Works were transferred to the Loodca^ 
County Council (51 & 52 Vict, c 41, ss. 40-45) ; and by the s 
(s. 7) ihs business of county justices as Local Authorities under tl 
Explosives Act was transferred to County Councils. 
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the Improvement Commissioners of a district, to be Local 
Authorities (but not for a harbour) under the Act 

In ScoflanU {a. no), 

(i.) Iq any borough the Magistrates and Town Council ; 

(a.) In any harbour within the jurisdiction of a harbour 
authority, whether situate or not within the jurisdic- 
tion of any local authority for a borough, the Harbour 
Authority, to the exclusion of any other local 
authority ; and 

(3.) In any place other than a boiough or harbour the 
County Justices, 

But by s. 115, the Secretary of State is empowered to declare 
the Police Commissioners of a burgh to be the Local 
Authority in certain cases. 

fn Ireland [%. 11b), 

(i.) In the City of Dublin, the Lord Mayor, Aldermen, 
and Burgesses acting by the Town Council ; and 

(2,) In an urban sanitary district, the Urban Sanitary 
Authority ; but 

(3.) In any harbour within the jurisdiction of a harbour 
authority, whether situate or not within the jurisdic- 
tion of any local authority above mentioned, the 
Harbour Authority, to the exclusion of any other 
local authority ; 

(4,) In any place in which there is no local authority as 
above defined, the Justices in petty sessions. 

The expression Harbour Authority in the Act includes 
(s. 107) any person or body of persons claiming to be pro- 
prietor or proprietors of or intrusted with the duty or power of 
maintaining or regulating any harbour, and any port, haven, 
and estuary, or intrusted with the duty of conserving the 
navigation of any tidal water ; and any such harbour, port, 
haven, estuary, tidal water, and any wharf, dock, ^ier, \'ett.^. 
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and work, and other area, whether land or water, over 

the Harbour Authority have control or exercise powers, are! 

included lo the Act in the expression " harbour." 



PART I.— GUNPOWDER. 

P.in [. of the Act comprises the sections relating lo gun- 
powder, and contains the following provisions, these being made 
applicable (with certain modilications and additions) to other 
explosives also in subsequent sections (Part II.) of the Act :— 

Manufacture aiid Keeping of Gunpowder. 

The manufacture of gunpowder shall not, nor shall anf I 
process of such manufacture, be carried on except at a factory I 
for gunpowder either lawfully existing or licensed under tlw \ 
Act ; and any person who carries on any such process of tr 
fecture, except as allowed by the Act, shall be deemed to 
manufacture gunpowder at an unauthorised place. 

Where gunpowder is manufactured at an unauthorised place, 
(i) all or any part of the gunpowder or ingredients of gunpowder . 
found in or about such place may be forfeited, and the person I 
so manufacturing shall be liable to a penalty of 100/. for every 
day during which he so manufactures (s. 4). 

Gunpowder, unless kepi for private use and not for sale to 
an amount not exceeding thiny pounds, or in the keeping of a 
carrier for the purpose of conveyance in accordance with the 
provisions i^f the Act, shall not hi kept at any place except iu 
tiie factory in which it is manufacture. I ; or (?) in a. magazine 
or store either lawfully existing or licensed under the Act, oT' ■ 
(3) in premises registered under the Act Wliere gunpowder^ 
j^ kept in an unauthorised place, all or any part of the guaj 
powder found in such place may be forfeited ; ai " 
occupier of such place, and also the owner of, or otlw 
person guilty of keeping the gunpowder, shall each be liaU 
to a penally of 2s. for every pound of gunpowder so keil 
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Licensing of Factories and Magasinis. 
A new factory or magazine for gunpowder shall not be 
established except on the site and hi the manner specified in 
a license to be granted by the Secretary of Siute, with the 
assent of the Local Authority. Detailed directions are given 
in the Act for obtaining such license and the requisite assent of 
the Local Authority (ss. 6, 7, 8). 

Rigulatiott of Fadories and Magaiines. 
In every gunpowder factory and magazine — 

(i.) The factory or magazine, or any pirt thereof, shall 

not be used for any purpose not in accordance with 

the license ; and 

{2.) The terms of the license shall be duly observed, and 

the manufacture or keeping or any process in or 

work connected with the manufacture or keeping 

of gunpowder shall not be carried on except in 

accordance with those terras ; and 

(3.) The factory or magazine and every part thereof shall 

be maintained in accordance with the license ; and 

any materia! alteration in the factory or magazine by 

enlarging or adding to the site, or by externally 

enlarging or addmg to any building, or by altering 

any mound otherwise than by enlargement, or by 

making any new work, shall not be made except 

in pursuance of an amending Hcenie granted under 

the AcL 

In the event of any breach {by any act or default) of this 

section, the gunpowder or ingredients thereof in respect to 

which, or being in any building or machme in res|ject to 

which, the offence was committed, may be forfeited; and the 

occupier shall be liable to a penalty not exceeding in the case 

of the first offence 50/, and in the case of a second or any 

subsequent offence 100/., and in addition 50/. for every day 

during which such breach continues (s. 9). 

The occupier of a factory shall not be deemed guilty of a 
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breach of this section for asing in a case of emergency, ^H 
lemporjrily, one building or part of a building in which anjH 
process of the manufacture is, under the terms of the licena^H 
carried on, for another process of the manufacture, if he do noM 
carry on in such building or part more than one process at th3 
same time, and if the quantity of gunpowder or ingredientsj 
thereof in such building or part do not exceed ihe quantitjrj 
allowed to be therein, or any less quantity allowed to be ioM 
the bujlding or part of a building in which such other procesra 
is usually carried on ; and if upon such use being continued! 
after the lapse of twenty-eight days from the first beginning^ 
of such use he send notice to a Government inspector, and I 
the inspector do not require its discontinuance (s. 9). 1 

In the event of any breacii (by any act or default) in any 
factory or magazine of the general rules for gunpowder 
factories prescribed by the Act,* all or any part of the gun- 
powder or ingredients thereof in respect to which, or being in 
any building or machine in respect to which, the offence was 
committed, may be forfeited ; and the occupier shall be liable 
to a penalty not exceeding 10/., and in addition (on a second _ 
offence) 10/. for eveiy day during which such breach continue* J 
<s. ,0). I 

Every occupier of a gunpowder factory or magazine shall, 1 
with the sanction of the Secretary of State, make special rules 
for the regulation of the persons employed therein, and there 
may be annexed to any breach of such special rules penalties 
not exceeding forty shillings for each offence (s. 11). 

Supplemental as to Factories and Magazines. 
Where the occupier of a gunpowder factory or magazine 
desires that any alteration should be made in the terms ol his 
license, or any material alteration made in the factory or 
magazine by enlarging or adding to the site or by externally 
enlarging or adding to any building, or by altering any mound 

• The " general rules " of sect, IQ are umilled here, as not conceming 
/■cloriwi fur hiah explosives (see^//, p. 292). 
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Otherwise than by enlargement, or by making any new work, he 
may apply for an amending license. If he satisfy the Secretary 
of State that the alteration may he properly permitted without 
increased risk, the Secretary of State may grant the amending 
license of his own authority, but otherwise the application will 
be dealt with as an application for a new license (s. la). 

A gunpowder factory or magazine license shall not be 
avoided by any change in the occupier of the factory or 
magazine ; but notice of the name, address, and calling of the 
new occupier shall be sent to the Secretary of State within 
three months after the change, and in default such new 
occupier shall be liable to a penalty not exceeding los. for 
every week during which such default continues {s. 13). 



¥ 



Stora for Gunpowder. 



Any person may apply to the Local Authority for a license 
for a gunpowder store, and if the proposed site, construction 
of the store, and amount of gunpowder to be stored therein 
are in accordance with the Order in Council (see s. 16), the 
license is to be granted on payment of a fee not exceeding 5J, 
(s. .5). 

Her Majesty may from time to time, by Order in Council, 
regulate the construction and materials and fittings nf gun- 
powder stores, prescribe the buildings and works from which 
gunpowder stores are to be separated, and the distances by 
which they are to be separated ; and prescribe the maximum 
amount of gunpowder, not exceeding two tons, to be kept in 
stores, graduated according to their construction and situation 
and the.r distance from the said building and works (s. 16). 

in the event of any breach (by any act or default) of the 
general rules prescribed by the Act for gunpowder stores, all 
or any part of the gunpowder in respect to which or being in 
the store when the oiTence was committed may be forfeited, 
and the occupier shall be liable to a penalty not exceeding 
10/., and in addition (on a second offence) ro/ for every day 
.liring which such breach continues (s. 17). 
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A store license shall be valid only for the per 
it, and shall be annually renewed by the Local Authority, at a 
fee not exceeding is., and unless so renewed shall expire (s. 18), 

Every occupier of a gunpowder store may, with the sancdoo 
of the Secretary of State, make special rules for the regulatioD. J 
of the persons employed therein, and there may be annexed la I 
any breach of such special rules penalties not t 
for each offence (s, ig). 



Registered Premises. 

A person desirous of registering with the Local Authority 
any premises for the keeping of gunpowder shall register his 
name and calling, as well as the premises, in such manner and 
on payment of such fee, not exceeding is., as may be directed 
by the Local Authority, such registration to be annual!] 
renewed at a fee not exceeding is. 

In the event of any breach (by any act or default) of the 
general rules prescribed by the Act for registered premises, bH 
or any part of the gunpowder in respect to which, or being in 
any house, building, place, safe, or receptacle in respect ta> 
which, the offence was committed may be forfeited, and the 
occupier shall be liable to a penalty not exceeding jj. fw 
every pound of gunpowder in respect of which or being on the 
premises in which the offence was committed (s. la). 

SuppUmmtal Prm'tsiims. 
The occupier of every factory, magazine, store, and registered 1 
premises for gunpowder, and every person employed : 
about the same, shall take all due precaution for the preventioa i 
of accidents by fire or explosion, and for preventing un- I 
authorised persons having access diereto or to the gunpowder J 
therein, and shall abstain from any act whatevei' which teni'i 
to cause fire or explosion and is not reasonably necessary for 
the work therein ; and any breach (by any act or default) of 
this section shall be deemed to be a breach of general nles 
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The Local Authority shall cause registers to be kept of all 
store licenses granted by and of all premises registered with 
them under the Act ; and a ratepayer within the area of the 
Local Authority, or a licensee or person registered under the 
Act, upon payment of a fee of one shilling, and a Government 
inspector, or an officer appointed by any Local Authority for the 
purposes of the Act, or an officer of police, without payment, 
shall be entitled at all reasonable times to inspect and take 
extracts from any such registers (s. 28), 

If the occupier of a store or registered premises dies or 
becomes bankrupt, or has his affairs liquidated by arrangement, 
or becomes mentally incapable or otherwise disabled, the 
person carrying on the business of such occupier shall not be 
liable 10 any penalty for acting under the license or rcgisiration 
during such reasonable time as may be necessary to allow him 
to obtain a fresh license or registration (s. 29). 



Sale of Gunpowder. 



^r Gunpowder shall not be hawked, sold, or exposed for sale 
upon any highway, street, public thoroughfare, or public place ; 
and (i) any person hawking, selling, or exposing gunpowder for 
sale shall be liable to a penalty not exceeding 40J., and {2) all or 
any part of the gunpowder so hawked or exposed for sale, or 
found in the possession of any person convicted hereunder may 
be forfeited (s. 30). 

Gunpowder shall not be sold to any child apparently under 
the age of thirteen years; and any person selling gunpowder 
in contravention of this section shall be liable to a penalty not 
exceeding 5/. (s. 31). 

All gunpowder exceeding one pound in weight, when 
publicly exposed for sale or sold, shall be in a substantial 
case, bag, canister, or other receptacle made and dosed so as 
to prevent the gunpowder from escaping, and to such outer- 
most receptacle shall be affixed the word "gunpowder" in 
conspicuous characters by means of a brand or label, or other 
and if any gunpowder is sold or exposed for sale in 
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contravention of this section the person oflending shall I 
liable to a penalty of 40/., and all or any part of the gunpowJe 
so exposed for sale may be forfeited (s. 32). 



Conveyance of Gunpirwder. 

The following general rules shall be observed with respect tVfl 
the [jacking of gunpowder for conveyance ; 

(i.) The gunpowder, if not exceeding five pounds i 
amount, shal! he contained in a substantial case, ba|gl 
canister, or other receptacle, made and closed so a 
to prevent the gunpowder from escaping ; and 

(a.) The gunpowder, if exceeding five pounds in amountrfl 
shall be contained either in a single package or a 
double package. A single package shall be a bo^fl 
barrel, or case of such strength, construction, audi 
character as may be for^he time being approved h 
the Government inspector as being of such strength,J 
construction, and character that it will not be broken 
or accidentally opened, or become defective or in- 
secure whilst being conveyed, and will not allow ihe 
gunpowder to escape. If the gunpowder is packed 
in a double package the inner package shall be a 
substantial case, bag, canister, or other receptacle 
made and closed so as to prevent the gunpowder 
from escaping, and the outer package shall be a box, 
barrel, or case of wood or metal or other solid 
material, and shall be of such strength, construction, 
and character that it will not be broken or accident- 
ally opened, or become defective or insecure whilst 
being conveyed, and will not allow the gunpowder to 
escape ; and 

(3.) The interior of every package, whether single or 
double, shall be kept free from grit and otherwise 
clean ; and 

(4.) Every package, whether single or double, when 



BYE-LAWS. 

actually used for the package of gunpowder, shall not 
be used for any other purpose ; and 

(S.) There shall not be any iron or steel in the construc- 
tion of any such single package or inner or outer 
package, unless the same is effectually covered with 
tin, zinc, or other material ; and 

(6.) The amount of gunpowder in any single package, or 
if there is a double package in any one outer package, 
shall not exceed one hundred pounds, except with 
the consent of and under conditions approved by a 
Government inspector ; and 

(7.) On the outermost package there shall be affixed the 
word " gunpowder " in conspicuous characters by 
means of a brand or securely attached label or other 



^^P In the event of any breach (by any act or default) of any of 
the above-mentioned geneial rules, the gunpowder in respect 
of which tlie breach is committed may be forfeited, and the 
person guilty of such breach shall be liable to a penalty not 
exceeding ao/. 

The general rules contained in this section may from time 
to time be altered by the Secretary of State (s. 33). 
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By^La: 



Every Harbour Authority shall, with the sanction of the 
Board of Trade, make bye laws for regulating the conveyance, 
loading, and unloading of gunpowder within its jurisdiction. 

For breaches of such bye-laws, penalties ate authorised by 
the Act, not exceeding 20/. for each offence, and 10/. for each 
(lay during which the offence continues, besides forfeiture of 
all or any part of the gunpowder in respect of which, or found 
in the ship, boat, or carriage in respect of which, the breach of 
bye-law has taken place (s. 34). 

Any person resisting a harbour-master or officer acting 
under such bye-laws shall be liable to the same penalties as a 
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jpcrsciii for obstructing the harbour-master in tfae eiecution ol 
ins duly (s, 34), 

On any jiart of the coast of the United Kingdom or b any 
liiial water for which there is no harbour authority, the Board 
of Trade arc empowered by ihe Act to make bye-laws for thai 
jiart or water as if it were a harbour and they were the harbour 
uuihority ; and they may by such bye-laws define the area 
within which they arc to be observed, and the officers by 
whom they lire to be enforced (ibid). 

Kvcry railway or canal company over whose railway or canal 
any gunpowder is to be carried, shall, with the sanctioii of the 
Iloartl of Trade, make bye-laws for regulating the conveyance, 
loading, and unloading of such gunpowder (s. 35). 

I'enulties for any breach of any such bye-laws may be 
imposed, and may be graduated according to the gravity of 
the offence, and according as it may be a first, second, or 
other subsequent offence, that is to say, pecuniary penalties 
not exceeding 20/. for each offence, and ro/. for each day 
(luring which the offence continues, besides forfeiture of all or 
any jwrt of the gunpowder in respect of which, or being in the 
{■arriago, sliip, or boat or train of carriages, ships, or boats in 
respect of which, the breach of bye-law has taken place {ibid). 

The occupier of every wharf or dock on or in which gun- 
powder is loaded or unloaded (if such loading or unloading is 
not otherwise subject to any bye-laws under this Act) may, and 
if NO required by the Secretary of State shall, from time to time, 
with the sanction of the Secretary of State, make bye-bws for 
regulating the loading and unloading of gunpowder on or in 
such wharf or dock, and in particular for declaring or regulating 
all or any of the matters which can be declared or regulated in 
the cane of any wharf or dock within the jurisdiction of a 
harbour authority by bye-laws made by such authority in 
pursuance of this Act ; and penalties may be annexed to 
breaches uf such bye-laws, as in the case of bye-laws i 
under section 35 (s. 36). 

I'he Secretary of State is empowered to make bye-bws fw^ 
regulating the conveyance, loading, and unloading of gun^l 
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powder by land or otherwise, in any case in which bye-laws 
made under any other provision of the Act do not apply ; and 
penalties may be annexed to any breach of any such bye-laws 
as in the case of bye-laws made under the thirty-fifth section 
(s. 37). 

Any recommendation to Her Majesty in Council, any 
general rules with respect to packing, and any bye-laws which 
is or are projxtsed to be made under the Act by a Secretary of 
State or the Board of Trade shall, before being so made, be 
published in such manner as the Secretary of State or the 
Board of Trade may direct, and the bye-laws framed by any 
Railn-ay Company, Canal Company, or Harbour Authority 
under the Act shall, before being sanctioned by the Board of 
Trade, be likewise published in such manner as the Board may 
direct (s. 38). 
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-EXPLOSIVES OTHER THAN GUN- 
POWDER. 



Part II. of the .\ct relates to explosives other than gun- 
powder, and by s. 39 it is declared that, subject to the pro- 
visions hereafter in this part of the Act contained. Part I. 
of the Act relating to gunpowder shall apply to every other 
description of explosive, in like manner as if tliose provisions 
were re-enacted with the substitution of that description of 
explosive for gunpowder. 

Modification of Part I. as applied to Explosives other than 
Gunpowda: 
in the case of explosives other than gunpowder, the follow- 
ing modifications and additions are to be made in and to 
Part I. of the Act ; 

1(1.) The draft license for a factory or magazine submitted 
by an applicant to the Secretary of State shall specify 
such particulars as the Secretary of State may 
require ; 



r THE EXPLOSIVES ACT, 1 

(a.) The prescribed general rules [i.e., niles prescribed by 
an Order in Council] shall be substituted for the 
general rules in Part I. of the Act relating to 
factories, magazines, stores, and registered premises 
respectively ; but no such general rule shall require 
the removal of any building or work in use at the 
date of the Order in Council by which such rule is 
matle; 

(3.) The Secretary of State may from time to time alter 
the general rules relating to packing contained in 
Part I. of the Act for the purpose of adapting the 
same to the packing of any explosive other than gun- 
powder ; and 

(4.) For the maximum amount limited by the Act to be 
kept for private use and nut for sale, or in a store, 
and for the minimum amount limited by the Act to 
be exposed for sale 01 sold otherwise thati in a 
substantial case, box, canister, or other receptacle as 
therein mentioned, there shall be substituted in the 
case of explosives other than gunpowder the following 
amounts ; namely, (a) where such explosive consists 
of safety cartridges made with gunpowder, an amount 
containing not more than five times the maximlira or 
minimum amount of gunpowder, as the case may be, 
above mentioned ; and (A) in the case of any other 
explosive, the prescribed amount ; and 

(5.) Two or more descriptions of explosives shall not be 
kept in the same store or registered premises, except 
such descriptions as may be prescribed in thai 
behalf; and, when so kept, shall be kept subject 10 
the prescribed conditions and restrictions ; and 

(6.) Where any explosive, other than gunpowder, is 
allowed to be kept in the same store or registered 
premises with gunpowder, the maximum amount of 
gunpowder to be kept therein shall be the |jrescribcil 
amount in lieu of the amount fixed by Pan I. of the 
Act ; and 
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(7.) Where any cKplosive, other than gunpowder, is 
allowed to be kept in the same magazine, store, or 
registered premises with gunpowder, the prescribed 
general rules shall be observed instead of the general 
rules set out in the Act; and 

(8.) There shall be on the outermost package containing 
the explosive in lieu of the word " gunpowder " the 
name of the explosive, with the addition of the word 
" explosive," and if such name is materially false the 
person selling or exposing for sale such explosive, 
and also the owner of the explosive, shall be liable to 
a penalty not exceeding 50/. 

(9.) With respect to the importation from any place out 
of the United Kingdom of eitber dynamite or gun- 
cotton, or any explosive (other than gunpowder, 
cartridges made with gunpowder, percussion caps, 
fireworks, and any prescribed explosive), the follow- 
ing provisions shall have effect; a.) The owner and 
master of any ship having on board any such ex- 
plosive shall not permit the same to be unloaded anti 
delivered to any person who does not hold an 
importation license from the Secretary of State, and 
any transhipment shall be deemed to be delivery ; 
(b) the Secretary of State may grant an importation 
license for any such explosive, and may annex thereto 
such provisions and restrictions as he may think 
fit, foe the protection of the public from danger ; 
((-) the license shall be of such duration as the 
Secretary of State may fix, and shall be avail ible 
only for the person named in the license ; {/f) in tiie 
event of any breach by any act or default of the 
provisions of this section with respect to the importa- 
tion of an explosive, or of the provisions of any 
importation license, all or any part of the explosive 
with respect to which such breach is committed, or 
being in any ship or boat in connexion with which 
such breach is committed, may be forfeited, and the 
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owner and master of such ship or boat, aod ihe 
licensee or person to whom the explosive is de- 
livered, shall each be liable to a penalty not exceed- 
ing 100/., and to a fur£her penalty not exceeding w. 
for every pound of such explosive ; and (ri the 
Commissioners of Customs and tbeir officers shdl 
have the same power with respect to any such 
explosive, and the ship containing the same, as they 
have for the time being with respect to any article oa 
the importation of which restrictions are for the time 
being imposed by law (s, 40). 

Nothing in the Act shall apply to the filling or conveying, 
for private use and not for sale, of any safety cartridges to the 
amount allowed by the Act to be kept for private use (s, 41). 

Sect. 29 of the Passengers Act, 1855,' and sects. 23 to 27, 
both inclusive, of the Merchant Shipping Act, i873,t shill 
apply to every explosive within the meaning of this Act in like 
manner as they apply to gunpowder (s. 42). 



Specially dangerous Explosives. 

Her Majesty from time to time, by Order in Council, may 
prohibit, either absolutely, or except in pursuance of a license 
of the Secretary of State under this Act, or may subject to con- 
ditions or restrictions the manufacture, keeping, importation 
from any place out of the United Kingdom, convejrance, and 
sale, or any of them, of any explosive which is of so dangerous 
a character that it is expedient for the public safety to make 
such Order ; and any explosive manufactured or kept in con- 
travention of any such Order shall be deemed to be manufac- 
tured or kept in an unauthorised place, and any explosive con- 

* By which gunpowder is prohibited as cargo on ■ passenger ship, 
t Imposing a penalty of 500/. on any person who sends l^ ship 
"dangerous goods" underafalaedescriplion, and empowering iheshipomier 
or master lo throw such goods overboard, and declaring dangerous good* 
so ient liable to fotfcUure. 
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veyed in contravention of any such Order shall be deemed to 
be conveyed in contravention of a bye-law under the Act. 

If any explosive is imported or sold in contravention of any 
such Order, (r) all or any part of such explosive may be 
forfeited ; (2) the owner or master of the ship in which it was 
imported shall be liable to a penalty not exceeding loJ. for 
every pound of such explosive brought m the ship ; and (3) the 
person to whom it was delivered and the person selling the 
same shall be liable to a penalty not exceeding 10^, for every 
pound of such explosive delivered or sold or found in his 



The Commissioners of Customs and their officers shall have 
the same power with respect to any such explosive, and the 
ship containing the same, as they have for the'time being with 
respect to any article prohibited by law to be imported (s. 43). 

Provisions in favour of certain Manufacturers and Dealers. 

The occupier of a factory for any explosive shall not be 
required to take out a factory license for making up on such 
factory the explosive made thereon into cartridges or charges for 
cannon or blasting not containing within themselves their own 
means of ignition ; and the occupier of any magazine, store or 
registered premises for keeping any explosive may keep such 
explosive when so made up into cartridges or charges as if it 
were not so made up (s. 44). 

The occupier of a factory for any explosive who manufac- 
tures a new form of explosive similar to the one specified in 
his license, shall not deemed to have manufactured the same 
in an unauthorised place if the manufacture be on a small 
scale, and exclusively for the purpose of trial and not for sale, 
and if he send notice thereof as soon as manufactured to the 
Secretary of State (s, 45), 

The occupier of a magazine, store, or registered premises for 
any explosive shall not be required by the Act to take out a 
factory license by reason that in connexion with such magazine, 
Store, or premises he fills for sale or otherwise any cartridge for 
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small arms with the said explosive, so that he observe tlti 
following regulations; namely,- j 

(i.) There shall not be in the room in which such filliiu 
is being carried on more than five pounds of guM 
powder, or the prescribed amount of any otha 
explosive, except it is made up into safety caifl 
ridges ; and | 

(a.) Any work unconnected with the making of the cai& 
ridges shall not be carried on in the room while such 
filling is being carried on ; and ! 

{3.) There shall not be in the room while such filling ifl 
being carried on any fire nor any artificial lightj 
except a light of such construction, position, ai 
character as not to cause any danger of fire or explOa 
sion; and I 

(4.) In the case of a magazine or store, the room in whide 
the filling is carried on shall be detached from thfr 
magazine or store, but in the immediate neighbour- 
hood thereof, and at such distance therefrom as may 
be specified in the case of a magazine by the Ucense, 
and in the case of a store by an Order in Council 
relating to stores ; and 

(5,) The occupier shall give notice in the case of a 
magazine to the Secretary of State, and in the case 
of a store or registered premises to the local 
authority, that he intends to carry on such filling of 
cartridges. 

In the case, however, of magazine or store for which a 
continuing certificate has been obtained the previous consent 
of the Secretary of State will be required. 

The regulations in this section shall be deemed to be 
general rules under the Act, and the breach of them shall be 
punished accordingly (s. 46). 

The occupier of any magazine or store for any cxplonvt^ 
shall not be required by the Act to take out a factory license' 
by reason that, in connexion with such magazine or store, he^ 
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by filling cartridges, making charges, drying, sifting, fitting, or 
otherwise, adapts or prepares the said explosive for use ex- 
clusively in his mine or quarry, or in some excavation or work 
carried on by him or under his control, so that he observe the 
following regulations ; namely, 

(i.) There shall not be in the workshop in which such 
adaptation or preparation is carried on more tlian 
one hundred pounds of gunpowder or the prescribed 
amount of any other explosive; and 

(2.) Any work unconnected with such adaptation or 
preparation sliall not be carried on in the said work- 
shop while such adaptation or preparation is being 
carried on ; and 

(3.) The said workshop shall be detached from the 
magazine or store, but in the immediate neighbour- 
hood thereof, and at such distance therefrom as may 
the case of a magazine by the license, 
se of a store by an Order in Council 



be specified, i 
and in the c 
relating to stc 
(4.) An explosive 
verted into a 



of one description shall not be con- 
1 explosive of another description, and 
shall not be unmade or resolved into its ingredients ; 
and 
(5,) The occupier siiall give notice in the case of a 
magazine to the Secretary of State, and in the case 
of a store to the local authority, that he intends to 
carry on such adaptation or preparation as is allowed 
by this section. 

In the case, however, of a magazine or store for v?hich a 
continuing certificate has been obtained, the previous corisent 
of the Secretary of State will be required. 

The regulations in this section shall be deemed to be 
general rules under the 'ct, and the breach of them shall be 
punished accordingly (s. 47). 
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Existing Factories, Magazines, and Stores. 

In any continuing certificate for a lawfully existing factory 

or magazine for any explosive other than gunpowder, the 

following regubtions aie to form part of the terms of such 

certificate ; 

(i.) If the factory or magazine is for dynamite or any 
substance having nitro-glycerine as one of its com- 
ponent parts or ingredients, the conditions contained 
in the existing license, with such modifications (if 
any) as the Secretary of State may think necessary in 
order to bring the same into conformity with this 
Act, and also any limitation of time for the expiration 
of the license contained in the existing license, and 
also the existing power of the Secretary of State to 
revoke the license ; and 
(3.) In any other case, such terms as the Secretary of 
State may think expedient, having regard to the 
conditions (if any) contained in the license under 
which the factory or magazine is established ; and 
such terms shall include any limitation of time 
contained in such license, but shall not require the 
removal of any lawfiilly existing building or work 
(s. 51). 



PART III.— ADMINISTRATION OF LAW. 

Government Inspectors of Explosives, 

\. G mm I h II h ] o make such 

dqy myb ryto ascertain 

hh hA ll<l ti dfhat purpose 

( ) 1 m p and y fa ry, magazine, 

f \l d ryprth f at all times 
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miy make inquiries as to Ihe observance of the Act and all 
matters and things relating to the safety of the public or of 
the persons employed in or about such factory, niagaane, or 
store ; {2) lie may enter, inspect, and examine any premises 
registered under this Act, and every part thereof, in which any 
explosive is kept, or is reasonably supposed by him to be 
kept, at all reasonable times by day ; and (3) he may require 
the occupier of any factory, magazine, store, or premises which 
he is entitled, under this section, to enter, or a person 
employed by such occupier therein, to give him samples of 
any explosive or ingredients of an explosive therein, or of 
any substance therein, the keeping of which is restricted or 
regulated by the Act, or of any substance therein which the 
inspector believes to be an explosive, or such ingredients or 
substance. 

The occupier of every such factory, magazine, store, and 
registered premises, his agents and servants, shall furnish the 
means required by the inspector as necessary for every such 
entry, inspection, examination, and inquiry. 

Any person who obstructs an inspector in the execution of 
his duties under the Act shall be liable to a penalty of looi 
for each offence (s. 55). 

If in any matter not expressly provided for by the Act, an 
inspector find any factory, magadne, or store for an explosive, 
or any part thereof, ot any thing or practice therein or con- 
nected therewith, to be unnecessarily dangerous or defective, 
so as in his opinion to tend to endanger the public 'safety or 
the bodily safety of any person, such inspector may require the 
occupier of such factory, magazine, or store to remedy the 
same; and where the occupier objects to comply with the 
requisition he may require the matter to be referred to arbitra- 
T provided by the Act (s. 56). 



Accidei/is, 

Whenever there occurs any accident by explosion or by fire 
I or about or In connexion with any factory, magazine, or 
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itoTe, Of aaf acodeot tnr exploom or bjr Ssc caaaog loss of ■ 
life oc peisoiu] injmj in or aboBt or m caonesioo with a 
registered pcetnises, tbe occupKi of s«ch hctorj, 
store, or premises slull fixchwith send or cansed to be s 
notice of sadt accident ood of the loss of life or p 
injur (if 3^7) occasioned tfaerebf to the Secretaiy of S 
A aotice of uy acodent of which notice is sent 
of this section to a GoremiDent inspector need not be sent t^ 
mnj inspector or snb-mqiecior of bcuides or anv inspector d 

Where in, about, or m coDoesion with anj cmiage. ship, ot 
boot, either coDvcying an exploare, or on or &otn which an 
explosive is beii^ loaded or unloaded, there occurs any 
accident by ex(doaon or bj fire caDsing loss of life or peisoaai 
injnrjr, or if the amount of explosire conveyed or bong at 
loaded or tntioaded exceeds in the case of gunpowder half ■ 
ton, and in the cise of any other expIosiTC the prescnbeA 
amoDct, any accident by expJosttm or by fiie, tbe owner vi 
master of such carriage, ^bxp, or boat, and the owner of th^ 
exfdosive conveyed therein oc beii^ loaded or unloaded tbei» 
from, or one of them, shall forthwith send or cause to be s 
notice of such accideat, and of the loss of life or | 
injury, if any, occasioned thereby, to the Secretary of State. 

Every such occupier, owner, or master as aforesaid who faJH! 
to comply with this sectioa shall be liable to a penally of 2oi 
(s. 63). 

Where an accident by explosion or fire has occurred in, anc 
wholly or paitly destroyed a factory maganne, or anymagazinB 
01 store, the factory magazine, magazine, or store shall not be 
teconstrocted, and any further supply of an expio^ve -shall not 
be put therein, except with the permission of the Secretary oT 
State ; aad where an accident by explosion or fire in • 
factoiy has wholly or partly destroyed any building of sodi 
factory as to which a Government inspector has previously to 
the accident sent to the occupier a notice that the building is 
unduly near to some building or work outside the fiictory, such 
building shall be reconstructed only upon such site in the 
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factory and with such precautions as may seem reasoDable to 
tlie Secretaty of State ; and where an accident by explosion or 
by fire in a factory has wholly or partly destroyed two or more 
buildings in sucb factory, not more than one of such buildings 
shall be reconstructed except with the permission of the 
Secretary of State ; provided that this enactment shall not 
apply to any buildings in a lawfully existing factory, if either 
both or all such buildings are incorporating mills, or if as 
regards any other buildings a Government inspector has not 
previously to the accident sent to the occupier a notice that 
such buildings are unduly near to each other. The recon- 
struction of any building in contravention of this section shall 
be deemed to be a breach of the terms of the license, and shall 

f punished accordingly (s. 64). 
Coroner i Iriqueits. 
Where a coroner holds an inquest upon a body of any 
person whose death may have been caused by any accident of 
which notice is required by the Act to be given to the 
Secret-iry of State, or by the explosion of any explosive, the 
coroner is to adjourn such inquest unless a Government 
inspector, or some person on behalf of the Secretary of State, 
is present to watch the proceedings ; but if such accident or 
explosion has not occasioned the death of more than one 
person, and the coroner has sent to the Secretary of State not 
less than forty-eight hours' notice of the time and place of 
holding the inquest, it shall not he imperative on him to 
adjourn such inquest if the majority of the jury think it un- 
necessary; and where evidence is given at an inquest at 
which no Government inspector or official is present, of any 
neglect as having caused or contributed to the explosion or 
accident, or of any defect in or about or in connexion with 
any factory, magazine, store, or registered premises, or any 
carriage, ship, or boat carrying an explosive, appearing to the 
coroner or jnry to require a remedy, the coroner is to send to 
the Secretary of State notice in writing of such neglect or 
Kctefect (s. 65). 
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Spedal Inquiries. I 

The Secretary of Scate may direct aa inquiry lo be made bj8 
a Governraent inspector into the cause of any accident whicnl 
is caused by an explosion or fire either in connexion wtb anyl 
explosive, or of which notice is required by the Act to be giveai 
to the Secretaiy of State; and where it appears to the Secretaiyi 
of State, either before or after the commencement of any sudij 
inquiry, that a more formal investigation of the accident, aniSe 
of the causes and circumstances thereof, is expedient, thej 
Secretary of Slate is empowered to direct such an investigation 
to be held by a court having all the powers of a court <rfi 
summary jurisdiction hearing informations for offences against! 
the Act, as well as the powers of a Government inspector under 
the Act, and the special powers of entry and inspection of 
premises, of summoning witnesses, and of calling for books, 
papers, and documents, which are given by the Act (s. 65), 

Powers ef Officer of Local Authority. 

Any officer authorised by the local authority may, on pro-' 
ducing, if demanded, either a copy of his authority purporting. 
to be certified by the clerk or some member of the local autho* 
rity, or some other sufficient evidence of his authorit)-, require' 
the occupier of any store (not being subject to the inspection 
under the Act of any Inspector of Mines) or any registered 
premises, or any small firework factory, to show hira every or 
any place and all or any of the receptacles in which any ex- 
plosive or ingredient of an explosive, or any substance the 
keeping of which is restricted or regulated by the Act, that is 
ID his possession is kept, and to give him samples of such 
explosive, ingredient, or substance, or of any substance which 
the officer believes to be an explosive or such ingredient or 
substance. 

Any occupier of a store or registered premises or a smaB 
firework factory who refuses to comply with any such requisitioa 
oJ'an officer of the local authority, or to give him such asslsh 
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ance as he may require for the purpose of this section, or who 
wilfully obstructs the local authority, or any officer of the local 
authority, in the execution of the Act, shaJI be liable to a 
penalty of 20/. (s. 69), 

^B 'Local Authority may pTffvide Carriages and Alagasin's. 

^ Every harbour authority and canal company shall, in addition 
to any other powers they may have for the like purpose, have 
power to provide carriages, ships, and boats for the conveyance, 
loading, or unloading of an explosive within the jurisdiction of 
such authority or company, and may charge a reasonable sum 
fixed by a bye-law under the Act for the use of sucb carriage, 
ship or boat (s. 71). 

^1 General Power of Search. 

Where any of the following officers— namely, any Govern- 
ment inspector, or any constable or any officer of the local 
authority, if such constable or officer is specially authorised 
either (a) by a warrant of a justice (which warrant such justice 
may grant upon reasonable ground being assigned on oath), or 
(b) (where it appears to a superintendent or other officer of 
police of equal or superior rank, or to a Government inspector, 
that the case is one of emergency and that the delay in obtain- 
ing a warrant would be likely to endanger hfe), by a written 
order from such superintendent, officer, or inspector, — has 
reasonable cause to believe ttiat any offence has been or is 
being committed with respect to an explosive in any place 
(whether a building or not, or a carriage, boat, or ship), or that 
any explosive is in any such place in contravention of the Act, 
or that the provisions of the Act are not duly observed in any 
such place, such officer may, on producing, if demanded, in the 
case of a Government inspector a copy of his appointment, 
and in the case of any other officer his authority, enter at any 
time, and if needs be by force, and as well on Sunday as on 
other days, the said place, and every part thereof, and examine 
the same, and search for explosives therein, and take samples 
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of any explosive and ingredient of an explosive therein, anc 
any substance reasonably supposed to be an explosive, or sue! ^^ 
ingredient which may be found therein. 

Any person who, by himself or by others, fails to admit intc — ■> 
any place occupied by or under the control of such person .irj ^ "H 
officer demanding to enter in pursuance of this section, or it— *> 
any way obstructs such officer in the execution of his diitj^' "T 
under this section, shall be liable to a penalty of 50/., and shal -^ 
also be liable to forfeit all explosives, and ingredients ihereof^^- 
which are at the time of the offence in his possession or unde^^ ' 
his control at the said place. 

Where a constable or officer of the local authority spedall;^^5' 
authorised by written authority other than a warrant of !=^ 
Justice of the Peace, enters and searches as above provided, ^^^ 
special report in writing of every act done by such constabl^^* 
or officer in pursuance of that authority, and of the grounds ot=:=^ 
which it is done, shall be forthwith sent by the person h^J 
whom or under whose authority it was done to the Secretary im ^( 
State (s. 73)- 

Where any of the following officers — namely, any Goven^^' 
ment inspector, or any constable, or any officer of the loc^»-l 
authority-— has reasonable cause to believe that any exp'osiv -^ 
or ingredient of an explosive or substance found by him i- s 
liable to be forfeited under the Act, he may seize and detai r^^ 
the same until some Court of Summary Jurisdiction h^i— ^ 
determined whether the same is or is not so liable to I^ ^ 
forfeited, and with respect thereto the following provisior»- ^ 
shall have effect : 

(i.) The officer seizing may either require the occupier C^^ 
the place in which it was seized (whether a buildin ^ 
or not, or a carriage, boat, or ship) to detain th-^ 
same in such place or in any place under the contrcyJ 
of such occupier, or may remove it in such manner 
and to such place as will in his opinion leas* 
endanger the public safety, and there detain it, ai\d , 
may, where the matter appears to him to be urgent / 
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and fraught with serious public danger, and he is a 
Government inspector, or is autliorised by an order 
from a Government inspector or a Justice of the 
Peace, or from a superintendent or other officer of 
police of equal or superior rank, cause the same to 
be destroyed or otherwise rendered harmless ; but 
before destroying or rendering harmless the same he 
shall take and keep a sample thereof, and shall, if 
required, give a portion of the sample to the person 
owning the explosive, or having the same under his 
control at the time of the seizure ; and any such 
occupier who, by himself or by others, fails to keep 
the same when he is required in pursuance of this 
section to detain it, and any such occupier or other 
person who, except with the authority of the officer 
seizing the same, or of a Government inspector, or in 
case of emergency for the purpose of preventing 
explosion or fire, removes, alters, or in any way 
tampers or deals with the same while so detained, 
shall be liable to a penalty not exceeding 50/,, and 
shall also be liable to forfeit all explosives, and in- 
gredients thereof, which are at the time of the 
offence in his possession or under his control at the 
said place ; 

2.) The proceedings before a Court of Summary Juris- 
diction for determining whether the same is or is not 
liable to forfeiture shall be commenced as soon as 
practicable after the seizure ; and 

J.) The receptacles containing the same may be seized, 
detained, and removed in like manner as the contents 
thereof; and 

4.) The officer seizing the same may use for the purposes 
of the removal and detention thereof any ship, boat, 
or carriage in which the same was seized, and any 
tug, tender, engine, tackle, beasts, and accoutrements 
belonging to or drawing or provided for drawing such 
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ship, boat, or carriage, and shall pay to the owner^B 
reasonable compensation for such use, (o be dete^| 
mined, in case of dispute, by a Court of Summa^H 
Jurisdiction, and to be recovered iu like manner ^H 
penalties under the Act ; and ^M 

($.) The same shall, so far as practicable, be kept atj^l 
conveyed in accordance with the Act, and with ^H 
due precaution to prevent accident, but the pers<4| 
seizing, removing, detaining, keeping, or conveyinga 
the same shall not be liable to any penalty, punish-S 
ment, or forfeiture, or to any damages, for keeping on 
conveying the same, so that he use all such dnfta 
precautions as aforesaid ; and M 

(6.) The officer seizing the same, or dealing with the samM 
in pursuance of this section, shall not be liable t <M 
damages or otherwise in respect of such seizure <^M 
dealing, or any act incidental to or consequentidH 
thereon, unless it is proved that he made such seizure-B 
without reasonable cause, or that he caused damaiefl 
to the article seized by some wilful neglect or de- \ 
fault (s. 74). 

Any of the following officers — namely, any Government in- 
spector under the Act, any chief otBcer of police, and any superior 
officer appointed for the purposes of this Act, where the justices 
in petty sessions are the local authority, by the court of quarter 
sessions to which such jusrices belong, and in the case of any 
other local authority by the local authority itself — may, for the 
purpose of ascertaining whether the provisions of the Act with 
respect to the conveyance, loading, unloading, and importation 
of an explosive are complied with, enter, inspect, and examine J 
at any time, and as well on Sundays as on other days, ibe. fl 
wharf, carriage, ship, or boat of any carrier or other person who \ 
conveys goods for hire, or of the occupier of any factory, 
magazine, or store, or of the importer of any explosive, on or in 
which wharf, carriage, ship, or boat he has reasonable cause to 
suppose an explosive to be for tlie purpose of or in course of 
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' conveyance, but so as not to unnecessariiy obstruct the work 
or biisiiiess of any such carrier, person, occupier, or importer. 

Any such officer, if he find any offence being comrailteJ 
under tha Act in any such wharf, carriage, ship, or boat, or on 
any pubhc .wharf, may seize and detain or remove the said 
carriage, ship, or boat, or the explosive, in such manner and 
with such precautions as appear to him to be necessary to 
remove any danger to the pubUc, and may seize and detain the 
said explosive, as if it were liable to forfeiture. 

Any officer above mentioned in this section, and any officer 
of police, or officer of the local authority who has reasonable 
cause to suppose that any offence against the Act is being 
committed in respect of any carriage (not being on a railway) 
or any boat conveying, loading, or unloading any explosive, 
and that the case is olb of emergency, and that the delay in 
obtaining a warrant will be likely to endanger life, may stop, 
and enter, inspect, and examine such carriage or boat, and b)' 
detention or removal thereof or otherwise take such precautions 
as may be reasonably necessary for removing such danger, in 
like manner as if such explosive were liable to forfeiture. 

Every officer shall for the purpose of this section have the 
same powers and b? in the same position as if he were 
authorised by a search warrant granted under the Act, and any 
person failing to admit or obstructing such officer shall be 
liable to the same penalty (s. 75). 

When a Government inspector, constable, or officer of the 
local authority takes samples of any explosive, or ingredient, 
or substance, he shall pay for or tender payment for the same 
to such amount as he considers to be the market value thereof, 
and the occupier of the place in which, or the owner of the 
bulk irom which the sample was taken, may recover from the 
officer taking the sample, as a debt in the county court, any 
excess of the real value over the amount so paid or tendered, 
and any amount so tendered (s. 76). 



^^H THE EXPLOStVES ACT, 1 87 5. 

PART IV.— SUPPLEMENTAL PROVISIONS. 
Trtspassers and Offenders. 

Any peisoa who enters without permission or otherwise 
trespasses upon any factory, magazine, or store, or the land 
immediately adjoining thereto which is occupied by the 
occupier of such factory, magazine, or store, or on any wharf 
for wluch bye-laws are made by the occupier thereof under tht 
Act, shall for every such offence, if not otherwise punishable, 
be liable to a penalty not exceeding 5/,, and may be forthwith 
removed from such factory, magazine, store, land, or whirf, by 
any constable, or by the occupier of si:ch factory, magazine, 
store, or wharf, or any agent or servant of or other persoJ^ 
authorised by such occupier. 

Any person other than the occupier of or person employed 
in or about any factory, magazine, or store who is found 
mitting any act which tends to cause explosion or fire 
about such factory, magazine, or store, shall be liable to % 
penalty not exceeding 50/. 

The occupier of any such factory, magazine, store, or whi 
shall post up in some conspicuous place 01 places a notice 
notices warning all persons of their liability to penalties undet 
this section ; but the absence of any such notice or noticei 
shall not exempt a person from a penalty under this section. 
<s. 77). 

Any person who is found committing any act for which he 
is liable to a penalty under the Act, and which tends to cause 
explosion or fire in or about any factory, magazine, store, rail- 
way, canal, harbour, or wharf, or any carriage, ship, or boat, 
may be apprehended without a warrant by a constable, or an 
officer of the local authority, or by the occupier of or the agent 
or servant of or other person authorised by the occupier of 
such factory, magazine, store, or wharf, or by any agent of 
servant of or other person authorised by the railway or canal 
company or harbour authority, and be removed from the place 
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^^^vHcE lie is arrested, and conveyed as soon as conveniently 

^may be before a court of summary jurisdiction. 

V Where any person is guilty of any offence which under the 

"Act is punishable by a pecuniary penalty only, and which, in 

the opinion of the court that tries the case, was reasonably 

calculated to endanger public safety or to cause serious 

personal injury, or to cause a dangerous accident, and was 

committed wilfully by the person accused, sucli person shall 

be liable to six months' imprisonment, with or without hard 

labour (s. 78). 

Every person who forges or counterfeits any hcense, certifi- 
cate, document, or plan granted or required in pursuance or 
for the purposes of the Act, or gives or signs any such 
document or plan which is to his knowledge false in any 
material particular, or wilfully makes use of any such forged, 
counterfeit, or false license, certificate, document, or plan, 
shall be liable to imprisonment, with or without hard labour, 
for a term not exceeding two years (s. 81). 

Every person who, without due authority, pulls down, 
injures, or defaces any notice, copy of rules, or document, 
when affixed in pursuance of this Act, or of the special rules, 
shall be liable to a penalty not exceeding two pounds (s. 82). 



P Legal Froceedings. 

Where any offence under the Act for which the occupier of 
any factory, magazine, store, or registered premises is liable to 
a penalty or forfeiture has in fact been committed by some 
other person, such other person shall be liable to a penalty not 
exceeding twenty pounds, and the occupier shall be exempt 
from any penalty and forfeiture upon proving that he had used 
due diligence to enforce the observance of the Act, and had 
taken all practicable means in his power to prosecute the 
actual offender to conviction ; and where a Government 
inspector, or an officer of the local authority, or the local 
authority, is satisfied that such occupier would, under the 
; provisions, be exempt, and the occupier gives all 
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facilities for proceeding against and convicting the actual 
offender, the inspector, officer, or loc^il authority shall proceed 
against that person in the first instance, without first proceed- | 
ing agiinst the occupier. 

Where any offence under the Act for which any warehouse 
man, carrier, occupier of a wharf or dock, or owner or masier 
of any ship, boat, or carriage, is liable to a penalty or f'l 
feiture, has in fjct been committed by some other person, this 
section is to apply . in like manner as in the case of an 
occupier (s. 87). 

Where a carrier or owner or master of a ship or boat Is 
prevented from complying with the Act by the wilfu! act, 
neglect, or default of the consignor or consignee of the ex- 
plosive, or other person, or by the improper refusal of the 
consignee or other person to accept delivery of the explosive, 
such consignor, consignee, or other person who is guilty of 
such wilful act, neglect, default, or refusal shall be liable to the 
same penalty to which the carrier, owner, or master is liable 
for a breach of the Act, and his conviction shall exempt the 
carrier, owner, or master from any penalty or forfeiture under 
the Act (s. 88). 

Where a court before whom a person is convicted of an 
offence against the Act has power to forfeit any explosive, the 
court may, if it think it just and expedient, in lieu of forfeiting 
such explosive, impose upon such person, in addition to any 
other penalty or punishment, a penalty not exceeding such 
sum as appears to the court to be the value of the explosive so 
liable to be forfeited. 

Where any explosive, or ingredient of an explosive, is 
alleged to be liable under the Act to be forfeited, any indict- 
ment, information, or complaint may be laid against the owner 
of such explosive or ingredient, for the purpose only of eo- 
forcing such forfeiture ; and where the owner is unknown, or 
cannot be found, a court may cause a notice to be advertised, 
stating that unless cause is shown to the contrary at the time 
and place named in the notice, such explosive will be for- 
feited, and at such time and place the court, after hearing the 
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"""dwner or any person on his behalf, may order all or any part 
of such explosive or ingredient to be forfeited (s. 89). 

Every offence under the Act may be prosecuted, and every 
penalty under the Act recovered, and all explosives and 
ingredients liable to forfeiture under ihe Act may be forfeited, 
either on indictment or before a court of summary jurisdiction, 
provided that the penalty shall not exceed 100/., exclusive of 
costs, and of any forfeiture or penalty in lieu of forfeiture, and 
the term of imprisonment shall not exceed one month. All 
costs and penalties may be recovered before a court of 
summary jurisdiction. 

A court of summary jurisdiction may by order prohibit a 
person from doing any act for doing which such person has 
twice been convicted under the Act, and may order any person 
disobeying such summary order to be imprisoned for any 
period not exceeding six months (s. 91). 

The court of summary jurisdiction, when hearing and deter- 
mining an information or complaint, in respect of any offence 
under the Act, shall be constituted either of two or more 
justices of the peace in petty sessions, or of a magistrate 
empowered by law to do alone any act authorised to be done 
by more than one justice of the peace. 

Nothing in the Act shall render liable to any penalty or 
forfeiture the owner or master of any ship or boat, or any 
carrier or warehouseman, or the person having charge of any 
carriage, for any act done in breach of the Act, if he prove 
that by reason of stress of weather, inevitable accident, or other 
emergency, the doing of such act was, under the circumstances, 
necessary and proper (s. 100). 
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Her Majesty is empowered, by Order in Council, to declare 
that any substance which appears to Her Majesty to be spe- 
cially dangerous to life or property by reason either of its 
explosive properties, or of any process in the manufacture 
thereof being liable to explosion, shall be deemed to be an 
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explocire within the nieanii^ of the Act ; and Her Hajetfl 
is abo empowered from time to lime, by Order in CoodciI, ' 
define, for the purposes of the Act, the compositk>n, 
and chararter of any explonve, and to cla^fy explosii 
im. 104, 106), 

Any person who carries on any of the foUowing processes-* 
namely, the process of dividing into its component parts 
otherwise breaking up or unmaking any explodrc, or 
fit for use any damaged explosive, or the process of 
altering, or repairing any explosive, shall be subject to die 
provisions of this Act as if he manu&ctured an explosive, and 
the expression " manufacture " in the Aa is to be construedj 
accordingly (s. 105). 

Table of Feu. 

The following are to be the maximum fees for licenses and 
certificates granted by the Secretary of Slate (s. 26) :— 
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„ ,, renewal when lost 
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Importation license, first grant .. 

„ „ renewal 
Continuing certificate 
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Forty shillings. 1 
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ENGINEERING: CIVIL, MECHANICAL, AND MARINE, 

MINING AND METALLURGY, 

ELECTRICITY AND ELECTRICAl. ENGINEERING, 

ARCHITECTURE AND BUILDING, 

INDUSTRIAL AND DECORATIVE ARTS, SCIENCE, TRADE 

AGRICULTURE, GARDENING, 

LAKD AND ESTATE MANAGEMENT, LAW, &c 

CROSBY LOCKWOOD & SON. 



HECH&HICAL ENGINEEBING, etc. 

X^ew Foc/.et -Boole for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OF 
TABLES. FORMULA. RULES A \D DATA. A Handy Book of Reference 
tot Dally Uk in Enelaeoring Praciice. By D. Kinhesb Ci,«>!. M-InsuCE.. 
Authoi of " RalWay Macbinery," " Tramways," &c. Ac. Spull Sio, nsarly 

leuher, gilt edges, 91. [_Jiat fudliskti, 

f New ]aannal for Fraetical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 

co°mprelieniLvrK'e7"o IheBmid^STiaTe "nd other E^mln"^^^^^ 
fioalaa of Competepcy in Modom Medlanieal Engineering. By Waltih S. 
HuTTOK. Civil and Mechanical Ennineer, Author of " TheVoria' Minagei's 
HandbDoli for Engineers," Ac. Willi upwards of 37° Ulusuarione. Fourlh 
Edition, Revised, with' Additions. Uedium Bto, nearly joo pp., price 181. 
Strongly bound. W" p^blislud. 

O" Tkii aorli ii daignid ai a camfamm ta thi Aulkor'a "Wains' 

laiia.Ulii iii trcdccenor, a quajility of miller hoI crigiivSly inUndid far duilita. 
lian, W collKtidby Iki avllwr /or hit own iiuintht cmilraction 0/ a. griai tariity 
1/ modirn mgituiring work. 




CROSBY LOCKWOOD &■ SON'S CATALOGUE. 

Handbook for Worka' Managers. 

THE WORKS' MANAGER'S HANDBOOK OF MODERN 
RULES. TABLES, AND DATA. For BDgineeri, Millwrlahta, and B<ulef 
Makeni Tool Uahari, Michinisis, and MeUJ WDrkets: Iron »od BrsEs 
Fonndnts, 4c Bj W. S. HUTlos, C.E,. Aulhor of" The Pncllcal EnginMr's 
llandbonk." Fourth Ediiion, carefull; Reviled, and parll; Rf-nrltlen. Id 
le, medjum 8yo, isi. aDDnglf banod. [Jul finiiithid. 
ter htvine caiKpiltd Ruha and Data for hii cunt usi ina great 
ngiimnHg work, and Aacrfnp fauiid hit rata txtrnmiy utefiil., 
.t_.„ __^;^^j -- J-.. L.i;—r. — .1^1 ^ pfottictti wort —"-■' ■■-- 



tariily of modent ngUuniHg work, and hating fomd 

^cciJiJ io f«bHiH thm-miad to :laU-biliivlng thai _, _ _.. 

titt tiKI.V mrniTTIiiiiiiTa or HODEBN CHGIHEIIIB, leovlll il /aVOUtltilljl TlCtitfd. 

Ion, Ihi folliHtiit among olhtr adiiHiHa havt bmi taadr, vit. i 
.. -I Bi,.M.A ^^ts '"S^fl SlHlPlali!,lhiSaaUi o/Si^tti- 



iH Ihi ThirdBdilU,.., .... , ,, _ ., 

RulaferthiPnfMimto/Sivilidyoinlii .., ... _ , .,^..,... 

for Ihi Praparlioni of Turiinn-Riiln fur Iht Slrtneth of Halloa Sh^ti c/ Wltit- 
aorlk'i Compriaid Sleil, S^. 

.' Omriowj Of m Press. 






FractUul I'l v^u-.-.. .-j*. Modern Steam-Bollers. 

STEAM.liOII.EU CONSTRUCTION. APractical Handbook 
[ot EDElnEera, Bailer -Maker?, and Steam Users. CODlaioing a large Col- 
leeUoa of Rules and DalarelatinK to Ihe Qesl^, Constrncrion, and Working 
of Modern Statloosry, Locomolivp, and Marine Sieam-Boilers. ByWALtEH 
». HVTTON, C.E., Author of "Tba Works' Manager's Ilaodbook," Ac. 
Williupwardsof3ool)]u<lraiion9, MedlDmSvo, iHi. dolh. [Jiul published. 

"The Modemiaea Templeton." 

THE PRACTICAL MECHANICS WORKSHOP COM- 
■.KION. ComprislnEapeatvariefyofJhamoBlnsefulRnlea '" 
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UECHANICAL ENGINEERING, etc. 3 

t'Stone-workinff Machinet^/. 

STONE-WORKING MACHINERY, and Ihs Rapid and Ecoiimi- 
cal CanuenioH of Slone. Wllb Hiots on tbs Aiianefmeol and MaDagemcDt 
^ofStoneWurKs. By M. PowisBale, M.l.U.E. Wilta IILusls. Crowa BiO; gs. 

Pump Cotistruction and Manageinent. 

PUMPS AND PUMPING : A Handbook for Pump Users. Baing 
Motel an SEhclion, CcuiBtmcliaa and MBnagement. Bi M. Powis Bale, 
M.L(i[.E..AQtborof "WaodwocliiniFMictiIaet7," &c. Crown Svo, is. G,l, 

etc. 

Practical 




Screw-Cutting. 

SCREW THREADS 
NamatODt Tablea, and co 
By Paul N. Hasluck. A 



. TbirdB 



Wilh Fifty It 



And Mifhnds of Producing Thm. Wilb 

,.„ j= — ^ — ... .., Scraw-Cdtling Lathes. 

&c " " 

;5«d_;Jf 

SnUth's Tablea for Mechanics, etc 



Latbe-Woik, 



TABLES. MEMORANDA, AND CALCULATED RESULTS, 

" "" "" SCHlTECr' "" — 

Fifth Edit!. 



FOS UECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, .. 
SalMtad and Arranged by Fdahcis Smith, Fifth Edition, iborDaglily Kaviied 
and BnluKid, vltb a New Seclins cf Eleciiitcu. Tables, Porhbls, anil 
Ueuorahim. Wllslcaal-poeketsiie, 11. fid, limp lealber. [yusl pnHuhct 
" — »— bn Miiusciilt lo mill " — '— ' — i-..i~.n — . „.-_.„j fr,M-«.i 
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mUngineer's and Machinist's Assistant, 

■ THE ENGINEER'S. MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT. A colIecliaD of UsefnlTables.Rules and Data, 
_By WiLUAH TstiPLETON. 7<b Editioa, wilb AdditioDB. iSioo, ii. 6d. clotb. 

Iron ana Steel, 

"IRON AND STEEL'' : A Work for He Forgi, Fouiidiy. Factory, 
and OJice. CanlaininE ready, useful, and trustworthy Information for Iron- 
masteia : Maaageta of Bar, Rail, Plate, and Sheal Roliinc Mills ; Iron and 
Metal Poundersj lion Sbipand Bridgs Bailden i MecDaalca), Mining, Uld 
Consultine Eopneers: Corn nctcin, Guilders. Sic. By Charles Hoahe 
Eightb Edition , Revised and coniiderably Enlarged, iin-.o. 6J. leather. 
"Oh si Iha liHt ol Hie puctcl •ooAs.-^Eneliik IfuAaaic. 



4 CSOSBY LOCKWOOD 3- SONS CATALOGUE. 

Engineering Construct iQn. 

PATTERN-MAKING : A Pcurt/fai TfMfut, embracing the Main 
Tjpei of EnciDseriDX Coiislniction, and including Gta.!\a%. botb Hiod and 
Machine mads, Engine Work. Sbraviii and PulJeyi, Pipes and Columni. 
Secewj, Machine Puli, Puupi and Cocks, the MouldiDe of Fatlerai in 
Loam and Greenland, &c., together with Ihe method: o? Estimating tba 
-Height af Csaliog); to utaich is added an Appeodii of Tables far Wotkahop 
Kelemice. Bt a Fohkhm FATTBaii WKmt. With upwatdi of Thna 
Hoadred and SennI]! lIlBitntJoni, Crown Svo, 71. U. doth. 

^DmiDDnd Lt to ■figinnrlmE^tudanE^ youRE 
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pUdt, tteTrHdiSu Ou «A <ui txalmiv^ i>i^ w for Iha appcemlca'li^dSini u tMoiu 

Dictionary of Mechanical Biigtneering Terms. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
FRACrtCE OF ilECHAHrCALEKGlNEESINCembraciatilboseasmnt 
in lis Drawing Office, Paiiern Shop, Foundry, Filling, Tumiog, Smilh-s and 
Boiler Shops, ic.ac. Comin-isinE upwards of 6,003 DeBailions. Edited by 
A FOBBMiH FlTIERij-liiuEii, Auilior of " Paiitin Maiirig." Crown Bvo, 
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steam Boilers. 

A TREATISE ON STEAM BOILERS: Thtlr Stresgti, Con- 
■- ■" - ■iiug. By Robert WjtsoH.C.E. Fifth Edition. 



Bo&er CJiimneys, 

BOILER AND FACTORY CHIMNEYS; Tktir Draught-Fawir 
and Stability. Wlrb a Chapter on Lightning Cendu^'ars. By Roiiit 
Wilson, A.I.C.E., Author of "A Titaiise 00 Steam Boileri," &c Second 



BoUer MaJHng, 

THE BOILER-MAKER'S READY RECKONER &■ ASSIST- 
A NT. With Etamplea of Practical Geometiy and Templating, for tbe Un 

- ...JD. ''■■'-— CouRTKBT, Edited by D. K. Cum. 

olllusis. Fcap. 8vo,7..half-l)Oond. 

antneod that iW can b« rehiml To with tha matnt hdU^, w tfcat h laaa 
ay va bfr fenenlly appradalfld and rnudi uud^"— JTAtiiiv JetnuU, 




Warming. 

HEATING BY HOT WATER; \ 
m Ihe best Methods oF Heating f 

. By W*LTK« JOKKB. With 111 



ith Intocmation and Sng- 



MECHANICAL ENGINEERING, He. 



' Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 



ples of Mechaato," "Ttag Elemenliot Mecbanibm.^' &c. Elevenlh Edilloa. 
^Enliu-esd. WltbDumisrouilllustrjitiani. Ciown Svo.Ei. cloth. 

6aa Engines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 
■he Sapplemeal to the Tiil-btiBli at Iht Slum EHgini, b; T, U. Gooeeve, 

Steam. 

THE SAFE USE OP STEAM. Containirig Rules for Un- 
profBl^onBl Stsam-UMTB. Bv an Ehoineu. Siilb Ediilon. Sewed, 6d. 
■naukmi by thiir Millj."— finf «r* lUiik'-li. 

Reference Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boile ' . . _ _ _ . 



ByN 



LtaCoTi 



lY, M.I.N. A. 



Folm, £i 5; 



Coal and Speed Tables. 

A POCKET BOOK OP COAL AND SPEED TABLES, for 
BngiTUits and Sliam-iaerl. By Nelson Folev, AalboT o{ "Boiler Con- 
stmcUoD." Paclte^s;Ee, ^i. 6rf. doth ; 41. lealber. 



I Fire Eng neenng 

' FIRES F RE ENG NES A\D F RE BRIGADES. With 
a HlKory Dd ManageoieDt !^»- 
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n of Formulfe, Rules, 
U, Sdence ClasiieB, Htc. 



CROSBY LOCKWOOD &■ SONS CATALOGUE. 
THE POPULAR WORKS OF MICHAEL REYNOLDS 



1 



Locomotive-Engine Driving. 

LOCOilOTIVE.ENGINE DRIVING: A Practical Manual for 
EntimtriiH ikarre 0/ LotamDlivi Bagiiui. By Michael Riy holds, Membsr 
of Bi»Sooi«tTOfEnBiii«ars,fanii«rijLocomoiiveIospeoior L.B.andS.C.K, 
Eighth Bdltkm, IncIodiDgii Ksr to the Locouotive ExaiHi. WllhlUiu- 




iraiioru «nd Portrait of 

'■Mr. Riymaldi bu nppUed i wuil 



Stattontay Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
EngiHun in clatgi of Slalionary EntiHit. By Michaii. ReiSOLDB. Fourth 
EdTlion. Enllr§8d.^^ With Plajes^ancTWoodcuti. Crown 8 vo, 4J. M. cloth. 

I mutvpdltiB contnti ar Mr.RernDldi'i hoolewQ] rirquin but IRltB KluaL 
eoflnd DaTora htcu Im tjutad Co look aftni ibDin."— ^iwAJjUTUkaH^ 

ZAe Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, a»i 
ENGINE-BOY. CompriBliie a Hiiloiicil Notice of thi Pioneer Locomotiva 
En^es uxd lha!t Invenlon. By Michabi. R»»soLDi. With nnmerotu lUus- 
U^tions and a fine Formiit pf CeorRs SteptieDsaa. Cronn Svo, «(. M, clolh. 

Continuous Mailtvay Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical Trtatiu en 

Iht mnal Systems in Use in the Unilid Kingdom; Ihiir Constmctim and 
Pirfermancr. With copious IJJustntioni and DumetousTihlei. ByMicHui. 
RSfNoi-Di. Large cronn Svo, gi. cloth. 

Engine-Driving lAfe, 

ENGINE-DRIVING LIFE : Stirring Advtnturis ani Inddenti 
...... ,.,,j g^ Leeeinalisc-Eiigini Driven, By Michael Rbtholds. Second 
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Pocket Companion for Enginemen. 

THEENGINEMAN'S POCKET COMPANION AND PRAC. 
TICAL educator for enginemen, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Bkvnoldb. With Porl/-EvB Illoalra- 
tioniandnamecousDiaBTBiui. Secoad Edition, Revised. KoyaliBmo, js.M„ 
^stronf^y bound for pocket wear. 




CIVIL BNGINEESING, SURVEYING, tie. 7 

I'Yench-Engliah Glossary for Engineers, etc. 

' A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; vitb Tables suitable for tba Atohiteclural, 
EngiDoering, MBnufactqring and Naulkal Profeialoiu, By Johk Jahes 
Flbtcrcr, Engineer and Suivejoc. too pp. Waislcosl-pocket aiie, i). 6J., 
limp leattaei. 
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Portable Engines. 

THE PORTABLE ENGINE 
UANAGEMENT A P a b1 Mam 
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CIVIL ENGINEERING^ PURVEYING, etc. 
m HUVBERS IMPOR ^/V7 £10 fi£ER NQ BOOKS. 
The Water Supply of Cities att I Tom\s^_ 



n tki WATER-SUPPLY 
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Cast and Wrought Iron Bridge Construction, 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, iarluding IroH 

WIU4AU HuaoES, A.iH,Insl.C.E„ end M.IdblM.E. Third Ediiion, Re- 
viled and much improved, wiih ir; Double Plales (10 of which nan Bril 
appear in ihisEdiiion], andnqmotoua Addidons lo IheTeit, InTwo Vola,, 
imp. 4lo, £6 i6i. 6d. half-bound in morocco. 



CROSBY LOCKWCOD &■ SO.'J'S CATALOGUE. 
MR. HUMBER-8 GREAT WORK ON MODERN ENGINEERING. 

Cotnplele in Four Volumei, imperial 4I0, price f 11 tii., bait- morocco. Eub 

A RECORD OF THE PROGRESS OF MODERN ENGINEES- 
IKG. FiRiT SiRiEB. CompnsiDg Civil, Michanical, MaHpe, HydiBOlic, 

A-Mlnii.c'E.ffti. Imp..to,wiih36'DoublBpl'ale5.ilrav,-n 10 11 large MaJe. 
PholOErapbic Potttlit of jahn Hinkshiw, C.B., F.K.S,, la., aad coplooi 
dsBcripiive Lelteiproi, SpeciGcaiiont, &c., £i 31. baif-moiocco. 

List e/ Ihi PUlB and Ditgtains. 

VteterUSadDBUdBoor. L. B.&5.C-R. 1 TliunH, W«t Londm Extcndan RaOwbt If 

fltpliuili Snitbport F^J" P^^tHji VtcIDriK plAI«]i AmtDur FUH4: Siupaailcni Bri^«, 

pkni}E JCodC dI £ridviw UDdc H«U ; BritlEB pHHloa BrldRK ATOn^plVJVl; UDdusnmnd 

p«ir C. H. JUflwiT \ Roof tj SUHo^ DuLch tUOwftr I3 F>ut«k 

OJ? MODERN ENGINEERING. Sbcond 
39 Doable Plalei, Phologiiphlc 
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HUMBES'S RECORD OF MODERN ENGINEERING. Fodxth 
Eeueb. Imp. 4<o,'"lb sS Double Pialei, PtaotoEraphic Po ~ 
FdbIm, Jate Prea. Inat. C.E., and copiom dear'—'™- ' -"■ 
GuilDna, Ac, £3 31. half-morocco. 
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CIVIL ENGINEERING, SURVEYING, itc. g 

■ tfff. HUMBERS ENGINEERING BOOKS— cmlinuid. 
Strains, Calculation of, 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS ANDSIMILARSTKUCTURES.ANDTMEIRSTRENGTH. 



Barlow's Strengthof Materials, enlarged by Buniber 

A TREATISE ON THE STRENGTH OP MATERIALS; 



Biidgo, Ri 



d ■^. H. b'*r 



Formulu io! CalcnlnliBg GiidEH.4c. Aiinneed and Edited by W 
A-M. [asLCE. Dam} avo, 400 pp., wilh ig Urge Plalei and dddiu 
culs, i3l. dolb. 



TRIGONOMETRICAL SURVEY, for Ihi FormaUon of Giographual ami 
Topographical Mafi and Plans, Military RKoniMitnoici. LaelUng, *c., wilh 
UseSl WoblEins, ForamlB, and Tublaa. B. Lieut.-Geoeral Froui, E.E. 
Fourth Edilion, Revisad and partlr Ra-wiitteabv Majoi Ganeial Sir Crari.es 
Waiuh, G.C.M.G., R.E. With 19 PJalei and lis Woodculi, royal ivo. 161. 



Field Fortification. 

A TREATISE ON FIELD FORTIFICATION. THE ATTACK 

OF FORTRESSES. MILITARY MINING. AND RECONNOITRING. By 
Colonel I. S. M«*iii.«¥, ]ats Professor of Fonificalion in the R.M.A., Woof- 

ObHgue Bridges. « 

A PRA CTICA L AND THEORETICAL ESSA Y ON OBLIQUE 
BRIDGES. With 13 large Plalei. By Iha lata Ceoaos Watsok Buci, 
U.I.C.E. Third Edilion, revised by his Son. J. H. Watson Buck. M.l.CE. : 
andwiihlh--'-'^-^— -r o„.^„=„ ._ r,. t,, c 

"ThanaDdBrdiexi-iMDhifwuiUDinBBnre^aiainEttawarcfiH u Atr. uucit s shdh, ua 11 
IrDllldbfiUPIwalbleEaEiMLSilEatictlEr. — £i|fUI«r. _ 

Water Storage, Conveyance and UtUiaation. 

WATER ENGINEERING : A Prai;Iical Treatise on the Measure- 
it, Slorage, Convejaace and Utillsalion of Watar for the Supply of Towni, 
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ier, A.M.Insl.C.E., Author of "EanilaryWorkinlheS 
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Statica, Graphic and AntUytic, 

GRAPHIC AND ANALYTIC STATICS, in Ikeir Praelical Affti 
calion Is (A. TrialmcHl of Strata in Reals, Stiid Girdin. Lallice, Boaslrin. 
and Suipctaicn Bridgis, Broad Iron Areka and Pirrs, and alhrr Framiaark 
ByR. riuDSOM GnAHiu, C.E, Conliining D!aer.- -■ '"-■- - -—■ 

Wl|K nHmfrnt^m ITvsmnlf^ ti^^nv t^bf-n (mm f*i-,*l 



With numerous EiampLes, 
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Student's Text-Book on Surveying. 

FRACT CAL SURVEY NG A Text-Boot for Students pre- 
„..-. . S rvy work in Iho Colonies. ByGloHCE 

■ "■ tndnpwimisof 330 llftstta- 
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vey Practice 

AID TO SUR I £Y PRACTICE, for Eiferenu in Survtying. Livtl- 
ling, and S'llinz-oul ; and >» Rovli Suneyi of Travilltrs by Land and Sia. 
V/tib Tables, JUustradoni, and Records. By Lou'ia D'A. J*ciisaH, 
A.M.I.C.E., Anihrr of "Hydiaolia Manual," ''Modern Meltology," fct. 
Second Edfllnn, Enlarged. Large crown Svo, 129. Sd. clolh. 

lUi bQDli ft) wmoiTilav ikQ admirable snpp^cmenl toUiclHctJnEof UlDal:[0mE]li$]lwl>lUT(lFV,"— 
" A« a ten-boalc wB diouli idviH pH IDTTariin U pTin lE b tixit libroiEB, and Ettidy vcii tha 
ouEUTHd iiisEnu:ru^i3 aHorrleJl ^n ia papsr—C^iiry CuardiarL 
aided bj « Ueu- and lucid «^l« cf wrllioB, iffLdjir^ Ibe bcDk a vuy uicftil oae."— ^Ki'rlfr, 

Surveyinff, Land and Marine. 

LAND AND MARINE SURVEYING,iDTie{ereacetothePte- 
paradDn of Plans in Reads and Railways; Canals, Rivers, ~ 
Supplios; Docks and Harbonrs. Wilb Deacriplian and U; 
Insuruuianls. By W. D. Haseoll, C.E., Aulbor o[ ■; Bcidge an 
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TunneUing. 

PRACTICAL TUNNELLING. Eiiplalning in detail the Setting, 
oal of the works, Shsfl-sinking and Heading-iltiTijig, RaBging the Lines and 
Levelling underground, Sub.&icavatlng, Timbering, and the Conslniclioa 
of Iha Bi?ck«ork ol Tun nsls, with the amount nf Labour required Jor, andihe 
CostoClbeTariausporiionsof ihe work. Sv Frederick W. Siuus, F.G.S., 
M.lnst.C.E. Third EdillDU, Recised and Attended by D. Kinhear Clare, 
M.Iost.C.E, ImpeFial Svo, with 11 Folding Flales and numerous Wood 
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CIVIL ENGINEERING. SURVEYING, t 



veiling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 

LBVELLING. Showing In Appticalion to purpoKa of Railway asd Civl' 
""":— -ring, 1b thoConalniclion of Roads; wiih Mr.Tr ■, D,.r„i,..t 

ByPuE — ' ■'• ■ 

ll&nof 



SneineetinB, 1b the Conalniclioi 

.amc. BvFiiEDEHicK W. SIMMS, F.C.5.,I>{.Inil.C.E. Seven lb Gdilion 
.... ,-.^ , .^^,j pjjpiIjji Eiamples for Selling-oul Railway Curves, and 
'laid Piacike of Laying^at Clicalar Curves. Wiib j PIbIeb 
iLuu uuiunoua Woodcuta, aro, Si, 6i. clotb. •,* Tkautwihb on Cuivei 
mar ^^ ^^^ BapatafQ, p. 

" Tb* miblUian li]iicn?ndeTvd« Mbsunlial trrticalD Ihe pTDrasdaa, t^KCJali* Id Iha TQUi^Er 
BtembBf^ tv pzlDj[&f ou the pnKQt edttlaa of Mr. SUuul uwAil woHc-'—iEHj Jjicrruv. 

Heat, Expansion by, 

EXPANSION OF STRUCTURES BY HEAT. By John 
SeitY, C,E.. laie of iho Indian PubUc Works and Viciorian Railway Depart- 
menta. Crown Svo. 31. bl.cloib. 

Section I, PoRUULAS and Dat*. i Secuau VI. Mechahicai, Focck or 
Section II. Mktal Babs. H»ai. 

Secban III. Simple Fr.^ues. Section VII. Wore of Expah3ion 

Section IV. Cohplie Fiumeb Ai 

Plates. 
Section V. Thermal Co nddctivii 






JPractical Mathematics. 

MA THEM A TICS FOR PR A CTICA L MEN : Being a Commcn- 

CIvll E 

■ Enlaieed by He»Br Law. C.E. 4Ih Edition, carefully 

UND.Tonncrly Piofaaaor of Uaihemallcs, Belfast Collage, 



place Book of Pure and Miicd Matiicu 

of Civil EagiaeetB. Archiiecia and Sorvcvuia. oy ui,in 

LL.p„ F.K.A.S., Enlai^ed^by^ H^Bjr Law, C.E_^^ 41h E 



" The enKfrnyr ni irclilieci nil! lun find raodrlo lih band mlH Iljr loWnpnpBilr trtrr »«hB- 
lutkiJHJu^fillry tl.rLEn^ny jn^elnlibpivilcv TliflruEHvn ■□ all cqui ni^ilned liy Dwknior 

Bydraulic Tables. 

HYDRAULIC TABLES. CO-EFFICIENTS. a«i FORMULM 

Rivirt. With New Formolffl. Tables, and Genei^al Informslion 00 fiainfall, 
Catchment-Basins, DrninsEe, Sei'enti^e, Wslfr Supply tor Towns and MUl 
Pawet, By JOH.'i NtviLLK, CiMl EneinBtr. M.Itf.A. Third Ed., careluliy 



Bydraulica. 

HYDRAULIC MANUAL. Consiaing of Working Tables and 
EiplanatoryTeil. In leaded at a Guide in HydraulicCalculatiunsandFieid 
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Drainage. 

ON THE DRAINAGE OF LANDS. TOWNS AND BUILD^, 

Saea." &c. Revised, wilb I>rgs Addilioni od Ricikt PittcTici I 

"TtimwivB." "A Manual of RdIbb, Table!, and Data for EflEmseri," & 
Second Edition, iimo, si.doih. 

Tramwaya and their Working, 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embucine a Comprahonaiva Hislorj of Ibe Sfslem j with id cibBastiTi 
Asalfiii of the varfoua Model of Tiaction. iocludine Haric-Power, Stems, 
Hested Water, and Compressed Air; aDeicriptionof Ibe Varieti«Df Roltl 
Slock: md anipla Dolaili d( Cost and Warldng EipBDua: the Pregn 
recently made ia Tramway Con si ruction, Ac. Ac. By D. KiHHKAK Cui.. 
M.InsI.C.E. With over loo Wood Engravings, and 13 Folding Plalei, Two 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION Of 
OBLIQUE ARCHES. ByJoHB Hakt. Tbird Edition, with ~' 
perial Gvo, Bi. clolb. 

Curves, Tables for Setting-out, 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
hr SUting-BHt Curva from j (0 lo< " ' " " 

iM.lnBt.C.E. Tbird BditioD. Piinle 
waislcoal-pockei siie, jj. M, 

Showing the Contents in Cnbie 
naraft 01 t&mnaniimenis, uuitings. &c,, of Heiebts or Deptbo ap tout avera^ 
Dfgafeel. By Joseph Bboubeht.CE., and FuncisCaufih, C.E, Crawl 

Titnnel Shafts, 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Prsclkal and Thiorrhcal Eisay. By I. H. Waisdb Buck. U.1biI.C,K 
Rt-sideni Engineer, London and Nortb-Western Railway, lUusCnUd mM 
Foldiro PlaiPi. royal 8vo, iM. cloth. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COUPUTA- 
TION OF THE WEIGHTS OF WROUGHT IKON AND STBBL 
GIRDERS, rtc, for Parliamentary and olbct Eslimale°. By J. H. WATtot 
Buck, M,Iait.C.E, On a Sheet, 



t 



CIVIL ENGINEERING, SURVEYING, i 



^Iver Engineering. 

RIVER BARS: Tlii Causis of their Formati 

mail by •■ Indacid Tidal Scorr i " wilb i Deacription .. 

iIuciionbTttiUUstbadattbeBuBt Dublin. By 1. 1. Mihh, AsaisL Eag. 
to Ibe Dublin Pan and Docks Board. Royal Svo, 71. €d. cloUi. 

^fritases, 

TRUSSES OF W^OOD A!iD IRON. PractUal ApMicalions 0/ 
SciMctin Drtirmwur thtSlrasa.Brtakiag Wcigkis, Sb/c Loads, Sca-ltingi, 
and Dilails o/CwufruilioB, wilh Complele Working Drawing. Bj Willuk 
CxniTHS, SurvBTDc, Aiaiitaul Uasiei. Traoiiisre Scbeol o[ Science and 
Acl. Oldoog Svo, ti. 6d. doth. 



ilrHti! ThiitCayst and Privmlien: wilhaDiicn 

Dlarged. Cra'wo Svo, y. ^. 

Sield-Booh for Engineera. 

THE ENGINEER'S. MINING SURVEYOR'S. AND CON- 
TRACTORS FIELD-BOOK. Consisting of » Seriaaof Tablra.witb RoIbb, 
Ejiplanalions of Systems, and ase oj Theodolite (or Traverse Survejing and 
Plotting tliB Work wilh tainuta aecuraty by means of Strai^l Edge and Set 
Sqnaro onlr; LeTElling vitb tlie Tbeodolile, Casting-out and RednciDi' 
Leieletopatam. and Plolllne Sections In Ibe ocdinaty manner; semne^oat 

B^d'Sftband^ReadiDgs of .fhBi'nsu!lroen":^feU°ng-out''£ur;el"witliSut 
Tbeodolile. on Ibe System oC Tangential Angles by sets of Taa^enls and OS- 

dentii^ByW. D*vis_HABitQi,L, C.E, Witt oumelou! WoodcutB,'°FourlS 






Earthwork, Measurement of. 

A MANUAL ON EARTHWORK. By Alex, J. S. Graham, 

_ C.B, With numerous Diagrams. Second Edition. iBmo, is. 6d. clelb 

iraina in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; wilh 
Practical Remarks on Iron Conslruclion. Sy F. W, SUElLDs, M.Insl.CH. 
Second Bdilion, with 5 Flales. Ra;al Sto, si. cloth. 

rut i.ai a tcuu Rltls lyMk on CUi iub|iict."-£iifWw. 

t Iron and other Metals, Strength of, 
, A PRACTICAL ESSAY ON THE STRENGTH OF CAST 

T AND OTHER UETALS. By Thouas TagDOOLn, C.E, Fifth 

' ' jing HoDSiUNSOM's Esperimenial Reeeaichu. Svo, 111. cloth. 
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ABCHITECTUKE, BUILDXNa, eto. 

Construction. " 

THE SCIENCE OP BUILDING : An Elmtntary Tfiatist Ml 
thi PrincMti of ConllruclUm. By E. WynDHAH T*ii«, M.A.. Aic^*-— 
Th^nl Edillon, Butaiied, vnlh jg EDgravines. Fcap. Bvo, 41. cloth, 

FUla Architecture, 

A HANDY BOOK OP VILLA ARCHITECTURE: Being t 

Siria of DesigHi for Villa Raidmca in various Sl;>lu. WUh Outlinl 
BpeoiflollDDt Knd ^atlmaiej. By C. WiCKss, Anllmi ot "TbsSpi: 
Toitan of EnEUnd," lie Gi PIaus,4to, £1 iii. 61I. balf-marDcca, gilt 

Text~Book for Architects. 

THE ARCHITECT'S GUIDE: Sling a Texl-Book tif Useflit. 
lofomalian for AKhiiecU, EugiHiirs, Suniyon, Coiilraclors, Clerks 0/ 
II^Driii, Ac. &e. By Friderice RoQBiia, Architect, Aailiar of " Specifica- 
ilofls far Practical Architecture," &e. Second Edttion, Revised KUd EiilaiRcd.L 
■- a IlliMlralioM. Crown Bvo, 61. cloth. 



Taylor and Creay's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the lata G. L. Taylor, Esq., F.R.I. B,A., and Boward Cresv. Riq. Hev 
lidliian, IhorouEbiT Revisedbv iha Rct. Alekakpeh Tavi,ob, M.A. (son of 
llis late G. L. TaTlcr. Eiq.l, Fellow of Qceen'i Colleee. Oxford, and Chap- 
Inlu of Gtp's Inn. Largafolio, with 130 Plates, bjUl-bound, ^Ji. 



Linear Perspective. 

ARCHITECTURAL PERSPECTIVE : The whole Courae and 
Oper;iilnu5 of Ilie DMUElitsinin la Drawlne a LBrge Hnuse in Lineu Pet- 
srsciivf. llluilintad byis Foldmg PliteB. fly F. O, Ferguson. Demj 
Svo. 3i. 0.1. boards. ijusi pMishti. 

Architectural Dratvtng. 

PRACTICAL RULES ON DRAWING, for Ihe Opimtivi BHildtr 
and YniiHg Sludntia Archilulun. Bv GeobceFvne. With i4PlUea,4tc^ 
7>. Gd. boarda. 

Sir Wm. Chamber/t on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, P.R.S. With Portrait, II lustrations, NoUa. and 
en Elimination of Greciaa Atchilecluie, by Josefh GwiLt, F.5.A. Re<iied 
andEditadbiW. K.Lims.niihaMemoir of the Aaibor. CG Flat 
11]. cloth. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or. 'What will it Cost 
10 BiiiH, Alifr, or Repair' A Price Book adapted to the Use of Unpro. 
,__.,__., „ — . ^'asfortheAtchllBctural Surveyor and BoUder, B^" 



JAUKS D, SlMOM, A.R.I.] 
A.R.t.t).A. WitbDumei 



illustrations, Fourth Edition, Revised. Crown 

CoUages and VUlafi, 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How la Plan and Build Them. Conlalning y Plates, with Inlnlducllon, 
Kerif ral E. pin nations, and Description of eichPhls. By James W, Bdqus, 



ARCHITECTURE. BUILDING, i 

a'fle New Builder's Price Book, 180S. 

LQCKWOOD'S BUILDERS PRICE BOOK FOR 1S92. 1 
ComtraliBDiivo Handbook of the Lalesl Prices and Daia for BuUdcri 




~2)e8igning. Measuring, and Valuing. 

THE STUDENTS GUIDE lolhe PRACTICE of MEASUR- 
ING AriD VALUING ARTIFICERS' WORKS. Comainiiia Direellonsfoi 
takEof! DliDensions, Abstiiicline Ibe same, and biingios ilie Quaoliiies inlo 
BUI, irilh Tables of CDnslamslor Valuation of Laboui, and Tot Ibe Caloula- 
lionofAreasandSoUdiiies. OriginallT edited by KD«-«Ri>DoflsoH,Archllacl. 
Wllb AddilioDS oa MensuralioQ and Consiiucrion, and » New Chapter on 
Dilapidations, Sepairs, sad OmtracI?, bi B, Wvkdhau Takn, M.A. Siitb 
Edition, including a Complele Focm oF a Bill oi Quantities, With % PUles uid 
_63 WoodcuLs. Crown Byo, 7s. W. clolh. 

^■Pocftef EatUnator and Technical Guide, 

^E THE POCKET TECHNICAL GUIDE. MEASURER AND 
^H BSTIitATOR FOR BUILDERS AND SURVEYORS. Coplainiog Tech- 



)SL' 






^r Measuring Work in all tlie Guildini 

fat House;, Roads, Bod Drains, and anca^y 

Ihe parts of a Bull - . ^ . 

"^t^bes and Measni __, , 

frxkttta ................ .. .,, 



naldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS, or, Practical 
Gaida to Ibe Aicbilecl, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Ccnslnicliuns, llluElraled by 

„ J , „....., — I acnjjiiy eiECnled by eminenl Atcbltecls and En- 

T. L, DoHALDSDH, P.R.I.B.A., Sic New Edition, la 
.... .ith upwuds of i.ora pages of Ted. and 33 Plates, 
liJis.M. clotb, 

Bk of pTKnLttnti. , . . SuHiu If ■□ uy ihAt DaruklHa'i 'Uajiikl .nuk af SpeciacAtlou 

iartholotnew and Rogers' Specifications. 

\ SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
" :liitecl, Engineer, Surveyor, and Builder, With an Essay 



ID (he Structure and Science of Uoji 



lodem Buiidlnes. Vo^a the Basis of tbe 
thorougkly Revised, CiMiccied, and gieaily 
Architect. Second Edition, Revised, with 
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BuiUUnff ; Civil and Ecelealasticai. 

A BOOK ON BUILDING. Civil and EicUsiailical. iacluding \ 
Chnrcb Resloratlon : wilb lbs TheoTy of Domes mid thsGrestFriarnii' '- ' 
By Sir Edhuhd Bbckett, Bart., LL.D., F.R.A.S., Aalbor of "Cleclu 
Walches, uid Balls," Sc. Sneond Ediiion. KnUrgad. Frap. 8vo, si. r 
"A buk whtchliil#aT> vn'i^fne^ndnvrlv^Ivm tnidunlrd. The tir^ OiTDUffllov 

Ventilation of JDiiiMings. 

VENTILATION. A Tixl Bo^ft to Iki PracCia of the Art of I 

VoaUaliHg BuiMivg!. With aChapler upoa AirTusting, ByW.P.Bu. ' 

B.F., Scnitirr Bad VeDtiUliaa EnKideer, Aulhac of " PlDmbin;," Ac 

170 liluatrBlione. iinio, 41. clotb bcirdj. (jial publaitH. 

The Art of riambinff. 

PLUMBING. A Tixl Bach la thi Practict a} IJii Art or Craft of 



.^'^ 



d 3B0 



Sk°^-XiX"°* 



Geometry for the Architect, Engineer, etc, 

PRACTICAL GEOMETRY, for thi Arckitict, Enginm «i 
Michiaic. Giving Rules (or ttae Delioealioa Rnd Applicatian of nrio 
Geomelrical Unea, Figuiea and Curvea. By E, W.f.BH, M.A,. Archifo 
AnthDiof "Tbe Science of BuUdiiig,"&c. Sacoad Editioa. With 171 llli 

The Science of Geometry. i 

THE GEOMETRY OF COMPASSES; or. ProbUmt Rtsolvei ' 

Sr tin mere Dactiftim of Circla, and Ike i<» d/ Colound Diagrams ana 
yxibell. ByOLivKHBifRHB. Coloured Plalea. Crown Svo, 31. M.dolh. 



DECO RATIVE ART S, eto. 

Wooda and Marbles (Imitation of). 

SCHOOL OF PA INTING FOR THE I MIT A TION OF WOODS 
AND MARBLES, a Tagghi and Praoliaed bvA. R. Vah OEaBuaoflqdP. 
Vam dek Bubo, Direclors of Ihe Roltetdam Paintine Inalhlulion. Royal (olio, 
i3i b; I2i in., Illuslrated wiih 24 fuJI-size Coloured Plalei; alio 11 plain 
Plates, corapiislng 1S4 Figures. Second and Cbeapet Edilioa. Prica £1 lu. 61, 




DECORATIVE ARTS, etc. 

I Bouse Decoration. 

ELEMENTARY DECORATJON. A GuiJe to 
Dwellioe Houses. &c^ 'By ^mes W. Ficsy, Jun, Willi 5S C 
PSACricAL HOUSE DECORATION : A Guide I 



nciplas of Deo 



e, "■«■ 



Viih so 



Decoration," &c° With numeraus liiiisiisiions! 
N.B.—Tht aicrc Two WotIu logilhir in One V 

Colour, 

A GRAMMAR OF COLOURING. 
PunlingaodlhsAitJ. ByGaoHGe Field. N( 
—- ' -dapled lo the uaaof 1' ' "' 



A. Dav 



ih Now Colou 



Applied to Decoralive 

let aDd'oesrener, ' By Ellis 



Bouse Painting, Graining, etc, 

HOUSE FAINTING. GRAINING. MARBLING, AND SIGN 

■" ■- ■ ■■■ ilof. By Ellis A.D*viD50H. Siilh Edition, 

id Engrasinga. nmo, fis. cloLh boatde. 



WRITING, A Prai 



Vecorators, Seceipta for, 

THE DECORATOR'S ASSISTANT: A Modern Guide It 
coiative Artisls and Amalearj, Falntera, Writers, Gildeis, &c. Coal 
upwards of Goo R?<:eipl;, Rules and Inslnicllons : wilh a variely of Inl 
liun (ot Canoiai Work connaoled wilh every Clas? nf Inlariar and Ei 



JBHtiah and Foreign Marbles. 

MARBLE DECORATION and Iht Termhahgy of British and 



A Handbook for 









CROSBY LOCKWOOD & SON'S CATALOGUE. 
DELAUOTTE'S WORKS ON ILLUUIHATIOH AND ALPHABETS. 



meotal boudi. 



Crou«i,(ke, Jfc, fai the abeotArchiiect _. „ ■^— -^_ 

Ulual Fainlni, Uauaa, Decorallte Pilntera, LI1fao(nphen, Enenvas 
Carvari, Ke. Jkc. CollcelBd and Eneraved by F. Deimiotte, and piialed I 
Cnlann. New and Cheaper Edicioa. Royal Bvd, oblong, u. Gd. oinimBiiH 

EXAMPLES OP iiODERN ALPHABETS. Plain and Omamatfal I 
Iscludlng German, Old English, Saion, Ilalic, Per«Mctive, Creek, HebreWi 
Court Hand, EnErossmg, Tuscan, Riband, Golhic, Susiic, and AiabeuDa 
iiilli MTsral Original DeElgnj, aod an Asat^sts of Ihe Roman and Old EogUri 
Alphabsls, luge and imali, aad Numeralg, foi Ibe ussof DisDeliRDien,Sap 
veTori, Mauni, DecoFiIive Peinleia, Lithographers. Eanaven, Carver- "^ 
Coltecled and EnEtaved by F. Dilahotik, and prinWd in Coldnts. 
,-...•__ svo, oblong, I! " " 



MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMt- 
NATORS. By F. G. Delahotii, Containing 3i PUtes and Illon 
Title, pniiladin Gold and Colours. Wilh an Inlroduclion br j. 1 
Baooks. Fonrth and Cheaper Ediilon. Small 4I0, 4s. ornamenlal be 

Contaiiila 

_ . . . .. , .abels. and National Emblems. Cc 

leoted by F. Delahotte, and printed in Colonrs. Oblong rofal 8tD, 11. G 
oniaroental wrapper. 

<'Thaboolt wmbenf ^F«tai«1ftinH1o ltdt«B and rouqif clUUrvn wba U4 endDwed vLih K 
tit of plylJif tUc DEadle In tbix ibiw ociumealal aiul uxTUI pretty work."— £'«/ An^fi^n rimts. 

JFood Carving. 

INSTRVCTIONS m WOOD^CARVING, far Amakurs : wil 
Hints on Design. By A Lady. Wiib Ten Plates. New and Cheaper Edltio 
Crown 8vo, ». in emblemallo wrapper. 

Gloss Painting. m 

GLASS STAINING AND THE ART OF PAINTING OJJI 
GLASS. From the German of Dr. Gessebt and Euanubl Otto Fnov-™" 
Wllhan AppendiionT- ■ '-■ '-' " 

Letter Fainting. 

THE ART OF LETTER FAINTING MADE EASY. 
jAUEi GiiiG BioBMOcii. With II full-page Engravings of T 
nloth lliDp. 

■■" Ti ' ' ' 



CARPENTRY. TIMBER, eU. ig 

CARP EMTRY, TIMBER , etc. 
^edgo d 8 Carp H i£ Enlarged by Tarn, 

THE E E EN RY F N ES OF CARPENTRY. 



witb Descriptions cF the kinds 
ables CFf the ScanlLInu cf Tlm- 

P mens ot Various Roofs of I™ 

Ihor of ■'The Science of Builr^ 






'oodworh g Mo, h neri 

WOODWORK NG M H NERY I R e, Progress, and 
ConBlm W H SwK Is and itiE Ecanomi- 



^^'S^X::;-^''?^ 



and Man3,geTilent, and the 



I Bj M. Pdwib Bale, 



Carpen terinfj, 

THE CA RPENTER-S NEW G HIDE ; ■ 
LowledKe of Carpen [%. Fotinded on tfia la'te^^ 



■, Book of Lines Tor Car- 

rEB NictioLsoN's lundard 
shp:tei„ F.S.A. Totelher 
E Fins. Willi 74 Plaleg, 



E «to, f I u, cloih. 

WJRandrailing and Stairhuildinff. 

r" A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Meihoda for Finding the Pilch of Ihe Plank, Drawing the 



^rddar Work. 

I CIRCULAR IVOEK IN CARPENTRY AND JOINERY: 



' PTaclfcal Tre: 



. of SinKle and Double I 



J 
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Htnber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PAMON. ConlainiDg New mt^ Copious Tabled oF .he Reduced Weighl and 
'- .nremenl of DetTa and BBIlen9.of all siiei. from Ona la b ThoBund 
'V- And ihp ri-iafive Price tbai eacb site beirs per LineaJ Foot id any 
share SUndud Hundred ; the Price per Cube Foot of 
r Load of so Feel; tbe proportionate 
iDdud, to Sqnue Timber by the Load 






Value ol Deals and EMitoi by the 

" " : llie readiest mode of . ._ , _. „ 

Jl of any siie, lo any given Fignre per Cabe Fool, Sc. Ac. By 

lAK DawsiNG. Fourtli Edition, Reviwd and Corrected. Cr. Bvo, 31. cl. 

PracNcal Timber Mertshant. 

THE PRACTICAL TIMBER MERCHANT. Being a Gnide 
'— ■■- ' luilding Con — "^ 1...=.^— ..^ . r. _ 



ae. fiy' 



>a liie Strength of Timber, Rem 



h the Timber Trade, 



Timber Freigh I Book. 

THE TIMBER MERCHANT'S, SAW MILLERS, AND 
IMPORTERS FREIGHT BOOK AKD ASSISTANT. CorapriBing Enlee, 
Tables, end Memoranda rolaling to the Timber Trade, ^y Wiluah 
RicHAiDSOH, Timber Brolier: together with ■ Chapter 00 ■' Spudb or Saw 
Mill MACHi«K«v,"by M. PowisBalb, M.!. M.S.. Ac. nmo, jj. M. cl. boardi. 



Facking-Caae Makers, Tables for. 

PACKING-CASE TABLES; showing the Dumber of Sumt- 
GdaL Feet ia Boies or Packing-Cases, from niincbes square and npwards. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREIdEST. Tables calculated from 1 to no inches in length, b; i la 10a 



MeiciianlSi Buildi 



irs, &C. By JiUBi Bawkihi 
(»blel 10 licillHta ^Id calcnlaMwi 1 



I 



"1^fT^«ai 



cloth. 



idCari 



Designed to afford lo. 

Jtesl Trees for Oroaoient 01 
ads. EjF.B 

Tiynber Importer's Chiide. 

THE TIMBER IMPORTERS. TIMBERMERCHANT'S AND 
BUILDER-S STANDARD GDIDE. By Rjchird E. dusny. Compria- 
iog an Analysis of Deal Standards, Home and Foreign, with Compaialivs 
vJues and Tabular Arrangements for Ijilag Nelt Landed Cost on Baltic 
and North American Deoie, iocUodine all intermediate Expenses, Freight, 
Insarance, ftc, Ac. Together vltb copiogs IsfonnaiiDn Tor the Retailer and 
Builder. Third EdIliOD. Revised, tiino, ir. cloth limp. 



'MARINE ENQINEEBINO, HAVIGATION, eto. 
KJhain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves af Llnk<, Sluds, &c., Iron for Cables and Cbaias, Chain Cabl; and 
Chain Makini, Faiming and VVeldms Linka, SlranKtli cFCsbIss andCbalDi, 
Cerli&caics for CablEg, Marking CabTes, Pricaa of Chain Cable* and Chains, 
Ulnorical Notes, Acts cf ParLlamenI, Stalulory Tests. Charges far TeaKne. 
Lisl of Manufacmrers o! Cables, S«!.4c. By f HOUiS W.TmiLL, F.E.B-N:, 
U.Iaal.C.E., Enginaei Suiveyoi in Chief, Board of Trade, Inipactor of 
Chain Cable and Anchor Pcoviag Establishments, and Geaeral Supeiin- 



^^°\\ 



I, lllus 



oyds Con 



and Lllhagraphic Dcawi 



Fglio, £l t 






Mnrine Engineering. 

MARINE ENGINES _AND_ STEAM VESSELS (A Trmtist 




3?ochet-Book for S aval Architects and ShiphuUdera. 

THE NAVAL ARCHITECTS AND SHIPBUILDERS 
POCKETBOOKIF ma a Ru a and Tab andllAR EE G NBEJfS 
A D SLRVEYOkS H nJv Bonk fit B C ekes M okrow 

Ed P ng 



Pocket-Bool fot Ma me JCt gtneets 

A POCKET BOOK OF USEFUL TABLES AND FOR 
UULM FOR 11 r f.E E a NEESS By Fr hi Pro ob A. NA 

duct on o 31 e E ff e ng 

lME^T R E NEER G A Y gUn 



ffavigatio 

'■ PRACTICAL N 

EoquitiEe thfaiaenialica] 
by HiNRv Lm.', C.E., 
•foogly ball-boLnd. 
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UmiSa AND METALLURQY. 

MetttUiferoita Mining in the United Kingdom. 

BRITISH MINING : A Trtalist on the HiHory.Discovtry.Practkal 
~ ' It, OHiFHturi Prospicli d/ UHalUfirous Mina in llit Vnittd King- 
^OBEBT Hunt, F.RS., Keeper of Mining Records; Edilorol 
■ ,_._ ,,___.^. ^ ... — n... Upwards of S50 



dom. By R> 
" Lre'* Dicii 



pp., wiih E30 lUnitiatioDi. Seci 



, Reiiud. SupeT'Tajial Si 






Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 

hentive TreaiLsa on Iho Lijliig-oni and Woiking of Collieries, Designed ar 

9 Rnck Df Reference foe Collieiy Uanagen, iOdfai Ibe Vie at Coal-Mlain) 

IS prepatlng for Firsl-clasa CertiScatea. By C«leb Pahelt, Minini 



Vo<U and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
XINGDOM. Cmnprialng a Deacriplion of Ihe Coal Field; 
Principal Scams of Coal, willi Reruiai of Uieir Piodace and 
Special Varieliea, Also an AccDiml of Ih 

ofPiglronManubcuiie. ByKicHixDME. 
lords. WilbMapg. Sro.fi 3i, clolh, 

^Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 

ByJ. W. Anderbon, "m.A. (Camb." F.R.G.S., Aolhor of "Fiifand^New 
Caledonia." Fifth Edilioo, itMiroughly Kevisad and Enlarged. Small 
crown avo, j!, 6d. clolh. 

^WiUiuQpBy k much Mt wint, npBdiillr flnlDilir CfilooTstK Id wbaie way 4r* Bo often l)iraw» 
Oflur KiitnraliwicBl BpedoHU tlw V4li» cE which Itit dlfllcall 10 deieriruna.''— /itf^frfir^. 

Mining Xoiea and FormultB. 

NOTES AND FORMULM FOR MINING STUDENTS. By 

" -IB Hesu/iN Mebivale, M.A., Cerlificafed Colliery Manager. Profissior of 

ling In Ibe Durham College of Science, NowcasUe-upan-TyQe. Third 

■nution.RevisedandEnlaiaed. Smallt " - ■ ■ ■• 




fc 
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Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Prartical Treatise on Ihe Mauufaclure and Applicalion of Dtasmite, Gaa- 
Collop. Nitto-GljcBridE and olbec Eiplosiue Compounds, Inciudioi ibe 
MiauikclncB of Col lad Ion-Col ton. By M, Eiseleb. Mintns RceiBteT lod 
-^1 Cliemisi, Aoihot of "TliB Melallurgy of Gold," &c Wiib 



Crown a\ 






Qoi^t Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treat! 
MeUllorgicolTrealioenL of Gold-bearing Ores. IncloriinB ,h^ P, 
' "■ ■ ■ ■ and the AEJuving. Wi 
indMetdlurc 



n the 



id Refi 



Cold. By M.Eisai.KR, MiningEBgiDeerandMetJlurcical ClianiiEI,fonneriy 
A^buot Assayer ofibeU.S.MInt.SaaFrascIaco. Tbird Ediiion, Reviud 
and greatly Enlarged. With 187 lIlnMiBilosi. CronaSio, iv< U< 'Idli- 



'•"fba'UeSilIurgy'of Gold'" E 






nlareed. With ijo lUiu- 



\lv»r-Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Pr»cifcal TreatiSH on (be EniBllbie of Silver-Lead Ores and iho Krfinlng of 
I^ead Bullion. Including Reports on varlojs SmellinFr Eslublisbmenisaiul 
"P .' . ^j ..'-.j^^ HeliTurey"of CaFd,"^!:. 'cVomi Bvo. 



islllns 



[JusI fHblill 



^MetaUiferowa Minerals and Mining, 

TREATISE ON METALLIFEROUS MINERALS AND 
illNINO. By D. C. Davieb, F.G.S,, I" ' ~ ' 
~ i«on Slals and Slala Quarrying 
Fourth Edition, carefully : 



Earthy Minerals and Mining, 

A TREATISE ON EARTHY i^ OTHER MINERALS AND 
UINING. ByD. C. Davies, F.G.S. Uniform with, and forming a Coni- 
- - 1 "— "ineAullior'B"Melamfcrou5Mioerilsand^ining," 



Cloa VDlDI] 
bjSWoo. 
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Slineral Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 

GUIDE, comprising a Trialiii on Impnniti tfrnng Surviving afsd fA> CaJii 

"■» «/ ifiBiup Prapcrliu, ailh Ntw Trailmi Tabla. By Ww. LlHtEH 



_tu.baBcc<. WhhFour'pialesofDUari 



doiir. ' 



-di of Ibe Peculiarities of Needle Dif 



; . ,'irtics, Occurrence and Uses. With sonw 
.< I V and Canada. By Robert H.JOMEB. ViHf 



Underground Futnping Machinery, 

MINE DRAINAGE. Being a Complete and Practical Treatije 

— "' "cling Underirouod Staam Pumping Machinery, with B Db!C-~ 

ie DUiDber crthe bcBlkaovm EnelaeB, tbeir Genetal Utility 



. , .. Dascril 

lion ai a Urge nuolber entile best kaovm EnelneB, tbeir Genetal Utility and 
Uie Special Spbere of their Action, the Mode of Iheli Application, and 
.1.-: r ^ wilbolbeifoiouof PBaipingUachinery, BySlMHEH 









Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Uanageis, Agents, Students, So. By WiLLtAU UonaAHS, Lecluier on 
tical Ulsing at ihe Bristol School of Uiaes. iimo, a. 6d. doih limp. 
ATLAS OP ENGRAVINGS to lUustrate the above, contwn- 
tag 135 IlIuBIralions of Mining Tools, drawn to scale, tto, 41. Ed. cloth. 

Coal Mining, 

COAL AND COAL MINING: A Rudiinmtary Treatise on. 
the late Sir W.RisciaK W.Suym, M.A., F.H.S., &c.. Chief Inapcclot . 
Mines ol the Crown. Sevenlli Edition. Revised and Enlarged, With 

Subterraneous Surveying, 

SUBTERRANEOUS SURVEYING, Eltmmlary and Practical 
Traliii OB, wiih and wllhout the Majjnelic Needle. BjTbohab Fknw— 
Sorveyor of Mines, and Thouas Baeek, C.E. IIIusL iimo, 3s. cloth boaj 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
GIOROE F, Habris, F.G.S., MEUibre de la Sociili Beige de Gtelogie, Lei 
later 00 Ecnnomic Geology at the Biilibeclc InsUlulion, &c. With niuBtia 
tiona. CrownSvo.ij, fid, cloth. 



ELBCTRICrrr, electrical engineering, lie. as 
ELECTRICITY ELECTRICAL ENGINEERING, etc. 

Efeetrical Engineering. 

' THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 
MODERN RULES, FORMULA. TABLES AND DATA. By H, K, 
KkuI'e, M.lnsI.E.E., A.M.lnBI C.E.iTBchoicBl Officer Postal Telegraphs, 
AlulioroF"AHaadbaoki>f £leolrica1Tei(ing,"&c Wilh numeious lllus- 
iralioin, royal jimo, obloDg, JJ, lealher. W'' f hI'h**''- 



S.M 



ofllikiod."— £/nlrtta(finfftiMr. 






WMectric Liglifltig. 

' ELECTRIC LIGHT FITTING: A H-'-^h'- 
E I eclrical Engineers, embndTme Prantcal N<>[ 
meol. ByJoHN W. URai.H««t,Ele[:lrLcian, Air 
^ Witb numerous IlluslrMiori!, crown Svo, y. c ■ ■■ 



EUetric Idght. 

ELECTRIC LIGHT : Its ProiitOion and Ust. Embodying Plain 
Direcliona for Ihc Trcatracnt of Dynamo-El eclric Machines. BatlBriea, 
AccnmnHr"'-. --i-l F'—'- 1 drmps. By J. W. Ubouhart, C.E.,Ablhorof 
"Elecliiri .1 L.rh Edition, Ravised,wllllLargeAddiIiona 

andi45[ 1, 7S- Si elntt, [^tis' /•"iiisAtd. 



WiJon^truction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbaoi for Ihi Ust 



Author al"£;e[ 




ami Dynamoa and Motors. ByJ. W. 
&c. CrawuSva.yi. 6d. doth. 

huit pHbiixhtd. 

D ElectiHclty and Magnetism. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
UAGHETISM By Philip Atkinson, A.M., Pb.D, Cro«n Svo. 400??. 

, t Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 

" " " " , F.R.S., F.C.S. Ne™ Edition, carefully Remind. 

1 Additional Chapters, by W. H. PaEUCi, M.l.CE., 

ielToITelegraphEngiiuieia, As, With 47a 111 uaus' 



J 
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Electric Lighting. 

THE ELEUENTASr PRISCIFLES OP ELECTRIC LIGHT- 
1. AiBocuu I.E.E. Second v/Hnjir., 



iStedricity. 

A MANUAL OF ELECTRICITY: Indudiig Galvaniai. iftf. 
•uliim, Dit^UagnctitM, EIrara-Dytuimia, ast^ElulncUy, and Ikt Etittrit 
Tilinath. Bi Utmi U. Noad, Pb.D., F.ELS^ F.CS. Foonb EditioB. 

_WilEs«>Wowtcols, Byd. £i 4>. cloth. 

Dynamo Contit ruction. 

HOiVTOMAKEA DYNAMO : A Praitital TtioHic for AmaUnn. 
C«i)Ulnlii('niiiP«ou> llliHttailoiu and Detailed IniuiiciioiH for Consinict- 
IhK ■ SnuTl Drnimo, lo FrDduci Ibe Eliclric Ugbl. Bt Auus Cnorrs. 

ThirdEiliIiiin,Sevi9cdaiidBa1iu:ged. CronnSvo.u.cIolli. 



HATUBAL SCIENCE, etc. 

PneumaUca and Acoustica. 

PNEUMATICS ! vuliidiiig Acovstict and the Pkiiumena of Wkid 
Cwmli, fur Iha Um of Bennners. Br Chailes Tohlihsok. F,R.S. 

P.C.S., &e. Fonrih Edlilon, SoUuged. iima. ii.&(. cloth. 

Vonehology. 

A MANUAL OF THE MOLLUSCA .- Biiig a Treatise bh Riani 



ODWaidi nl 

Qeolog\ 

ll.a lesding Principlm d'"ihTscfettce ; "nd'" Hfsiorioil Ge'olo'Ky."'°whlct 
Iteati of Ibe Mineral and Organic ConditioDsof the Earlh al each iDCceuivs 
i-pocb, eepecial teforenCB tKing made to the Britisb Series of Rocks. Bt 
^Ralpii Tati, A.L.S., F.G.S,, &c. Wilb Ijo llluBtralioiIB. iima, it. clclh. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or. Geology and 
GiHilit: ihelr Pirficl HarmoNy aad Wondir/ul Conccrd. By GsniiGS W. 
Victor LI Vaux, Numerous I lIuslrBtioni. Fcap. Bvo, 51, dolb. 

The ConnteUationa. 

STAR GROUPS: A SMtHl's Guide la the CeHslillalleiis. By 
l.LuLARn Cork, F.R.A.S., M.R.l.A., &c., Auihot of "The Scenerjof Iba 
Heavens." With 30 Maps. SmaU 410, 51. Eloih, silvered. [Juil pnbtiilud. 

Astronomy. 

ASTEONOilY. By the lale Rev. Robert Main, M.A., F.R.S., 
formeilj SadcliSe Obuiiver at Oifotd. Ttib'd Edition, Revised and Cor- 



NATURAL SCIENCE, ilc. 
DR. LARDNER'S COURSE OF NATURAL PHILOSOPHY. 



Ian been Tvpkced ity alben of 
piiyrta to tbe hidiKriiJ miU. and b 

"rjltim!phll«0pl]y hu hart I 






Tfffi HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and EoUrBea, bj Bihjauih Loewt, F.R.A,S. Wilb 
Ijfi lllustralions. Post Bvo, ji. clQIh. 



THE HANDBOOK OF OPTICS. ByDiONYSius Lakdner.D.C.L., 
foRDerlv Professor oi Naluial PhilDsophy uid Asuonomy in Univenily 
College, London. New Edition. Ediledby T. Olvkr H.bujbq, B.A, Load.. 

I of University College, London, Willi sgS lllusliaiions. SnuU 8vo, «» 

L pages, 5S. cloUi. 



PTHB HANDBOOK OF ELECTRICITY, MAGNETISM, AND 

1 ACOysr/CS. ByDr. Lascseb. Ninih Thousand. Edit, hy Gbohob C4MY 

FOSTIR, B.A., F.C.S. Wilb 400 lllusTralions. SmalUvo, si. cloth. 






Ti?£ HANDBOOK OF ASTRONOMY. Forming a Companion 
lolhe 'Handbook of Natural Philosophy" By DioNtsius Lardnek, D.CL., 

Colloge London Fourth Edition Re\ ised and Edited by Edwih DiniEiH, 
FJt A S , Roval Observatory, Greenwich With jfl Plates and upwards o( 
100 Woodcut. InOne\ul small ti>o, 550 pages, gJ- W. cloth. 




. Lardner'B Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lakdner. 

ind Re-wtittea by E. B, BuiSHi, F.R.A.S. 140 Illustrations. I 
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DR. LAHDHER'S UUSEUU OF SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by 

ABlronomy in UaiverBiiy Co^legB, London. Wilh upwards of 1,100 Engnv 
ings Da Wood. Id 6 Double Volumoi, £1 1!.. in a aevi uid eleeuil elolb blad- 
ing; orhamlsomalrboimdmlw]' -" '"■ 




n, lie EVe.LDoonSiio'ii," Colour,"ciiJcij and Waicb „ 

Iralions, clolh gLll, y. 

TTie Xterttmeopt, Copldnioe OthIcbI Imana, MBEnifriag CIhsms. Orldn 

and DEicription of Ihe Mioroscope, Micmacopic ObjeQls the Solar Micro- 

ecopB, Microscopic Drawlog and Eogravuig, &c. 147 IIIbbItbIIods, cloth 

gill, M. 

ropulnr Geology. Containing Earthanakes and Volcanoos, Ibe Cmst ol 

l£c Earth, &c. 201 IIIustcalioDi, cloth plt,zs. 6d. 
Popular Fhattet. Conlaiolng Majnituda and Mlnulenesi, tbB Auno- 

spbsre, Meteoric Stones. Popular Fallacies, Wealbcr ProgotiBIics, tbs 

Tbermometei, IbB BarDmeter, Soood, &c. Sj lUnstralions, cloth gill, zi. 6d. 
Steam and ttt Uaes. Includioi the Steam Bngine, the Locomctlve, and 

Steam Navigaliaa. Bg lUustrations, cloth gilt,u. 
Fopjilar Aatroaomu. COBtaininE Mow to observe the Heavens— The 

Earib, Sao, Mopu, plaoels. Light, Comets, Eclipses, AstroDOmical laSu- 

ences, &c. iSi lIlustratioDS, \i. M. 
TlieBeeand WhUe Anit : TbeXt Manoera and Habits. With 111 uitra- 

tioni of Animal Instinct and Intelligence. 133 111 uslral ions, oloib gill, Ei. 
The Eleetric Tslegraph Fipularititd, To render intelligible to all who 



Dr. Lnrdnei''B School HandhooJiS. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr.LABDSBR. 



ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardkbf. 



COPNTINO-HQUS E WORK, TABLES, eto. 

Introduction to Business. 

LESSONS IN COMMERCE. By Professor R, Gahbako, oE 
Ibe Roval Hieb Commerdal School aL Ccnoi. EHilcd and Revised bv I>mbs 
G*ULr, ProieMPr of Cammerce and Commetcbl Law in King's Collego, 
LoadDQ. CrawD ivo, price about 31. Gd. [In the frcsi. 

I Accounts /or Manufacturers, 

FACTORY ACCOUNTS: Their Principles and Practica. A 
Kaadbook for Accouatants and ManufactDicrs, »itb Appendices on the K»- 
" ila; the Inconia Tai Acts; Ihe Raling of Fac- 

.. _ ^__. J Workshop Acla, &c., 

of Specimen Rulings. 
Demy 8vo, ajo pages, 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT : Being 
Aids lo Commercial Coireapondenceja Five Langnages— English, FreacS 




(ised. Crown Sro, jj. 6d, c 






(3. tJ, hall 



iSS*' 



Xntuitive Calculations. 

THE COMPENDIOUS CALCULATOR: or, Easy and Con- 
cise Methods of Perforiuing the various Aiitbmetical OperaIi(uis_reiiuirBdJn 

D. D'GoKMAN. CoiTocled bv Profeis'or J, R. Youho. 
_BeYl8ed by C. NoRHis, reap. Svo, w. M, -'-■ ' 

Modern Metrical Units and Systems, 

MODERN METROLOGY : A Man«al 0/ thi Metrical Unila 



.igSJS 



With an Appendix 1 



;lotb. 



The Metric System, and the British Standards. 

A SERIES OF METRIC TABLES, in which tlu British Stand- 
ard Ucitmiti and Wiightsaic amf and ailh Ihosi 0/ Ihi Uilrie Syitem atpristat 
in Ua on Ihi CantiacKt. B; C. H. Dowliko, C.B. Svo, 103. 6d, strongly bDDDd. 

■jtteiM iiito '^t^w'—'ittUTurum. 

Iron and Metal Trades' Calculator, 

THE IRON AND METAL TRADES' COMPANION. For 
eip^ltlously ascertainiag the Value ot any Gooda boagbl oi sold by Weight, 

■hUling'per pound. Each Table'eitandsfrom one pound to 100 tons. To 
whloh MB appended RulesonDecimala,Sqnare and Cnbe Root, Meniuration 
oI Soperficiea and Solida, &c. ; also Tables of Weights of Malsiials.and other 
UuMMemoranda, ByTuos. DowHtE, SIropgly beundinlBather,kg6pp.,g[. 












30 CROSBY LQCKWOOD «• SON'S CATALOGUE. 

CfUcvlator for Numbers and Weights Combined. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU. 
LATOR. Contaioing upward) oE l^Chooo Separate Cilaulations, ihowlDg at 



,■ This mik is ifaittlly adaplii for 



iSrtS: 

Third 

id for Office WE 



for 1*1 u« of AccovislaHU and Audaan, Raitwaj Comfania 
Shifpm, Shipfiiig Agmit, GmmlCmritn. I'c. 

tmnjMiim,Srasifiiunilm. Xttat Itmhanls. Iron tianufai 



Uahtn, dtUiay propritton, — 

TitKbir Uirchanti, Btnldin, Ceulracter 

ViUlltn,Broiirs. Hill Oman ani llaimfacti. 

Giiural Wlmlfiaii Tradamn. 

*.* OrnnoHS of thb P«bhb. 



Archilidi, Sttrvijiors, AucUontm 






Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR. BeiDg a Series of Tables 
upon a New and Comprehensive Plan, uhibiUng al One Refcieace the enact 
Value of uij Weight feom i ib.to isiona.ai jooProgrssslva Rate»,/rora id. 

CiimbiDa lions, consistiag of a BingLe addition (moslif to be perfsroied el 
■ io,a6f ,000 AmwBTt ; thewhide beineoaioii- 
!!il and aesignea to ensure oorreclnass end promole despatch. By HKHur 
KBEH, Accountant. Fourth Edition, carBfull; ConecleiJ. KoTal Svo, 
ongiyhalf-bQnnd.i'--" 
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INDUSTRI AL A ND USEFUL ARTS.. 
Soap-making. 

THE ART OF SOAP-MAKING: A Pradkal Hmdbmk of Iki 
MaHiifacturi 6t Hard and Soft SoaOj, ToilH Scabs, lie. Includine many Ne« 
ir on tbe Recovery of GlyCErine from Wasle Leys. 

. Ulhoi ol ■'Eleclro-MetBllurgyPtacticallvTrealeJ," 

, With numerouB ILususlioas. Fowlb Edition, Rsvised and Enlarged, 






Paper Making 

THE ART OF PAPER MAKING A Praetieal Handbook of Ike 
Han E fart Straw and Mcr Fibfaui Malinal!, 

p m Vood Fibre, wJLb a DcscripEiOQ of 
he ed To wh[cb are added Deiaib al 

P ID Vasle Liquors. By Alexander Watt. 



Leather Dressing are fully Desi 
and many Recent Processes in 
" Soap-Making," &o. With nun 



tccDnd Edition, Crown 



I -«f«r. UKl It bMra on ewccy pjigo Ihe tmpres^ of a mazier hand. Wo hivo never cdim acroM a 
I ^cUor tnde IruUie. nor one thu so ttiorabeUy vippUed u Ab»lLiU waJiV—^Aot aiij LtaiJur 

• Soot anA Shoe Making, 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, includiog Measiiremanl, Last-Filling, Culllng-Out, Closing and 
MakiDE, wilh a Description oi the most approved Machinery empioyed, 
B; JoKH B. Lkno, lale £dilor of SI. Cr>'i«>ii, and The Bool and Shoi-ilalur. 
--'■* — .strationa. Third Bdflion. ijmo, si. cloth limp. 



»: 






Dentistry. 

MECHANICAL DENTISTRY: A Practical Triatht < 
CoaslrMclion of the vaiirna iixdi of. AHificial Dtnluia. Coraprisine aj^ 
ful Formula, Tables and Receipts for Gold Plate, Clasps, Solders, I 

By CHARL19 H ■^••—' "■■'-'- " 

Wood Engravic 

Wood Engraving, 

WOOD ENGRA VING: A Pradkal and Easy iKlradiiclitm 
Study 0} thi Art. By WiLLtAU Noruah Bhoh'h, Second £di lion. 



■ With upward! 
, Crown fSro, a. . 



HANDYBOOKS FOR HANDICRAFTS. By PAUL H. HASLUCK. 
STetal Turning, 

THE METAL TURNER'S HANDYSOOK. A Practical ita»vaT 
for Warliin of Ihi Favl-Latlu: Embracing Infnrmalion on the Toali, 
Appliiaccs and Pioceases emplofed m Meul Tiuiime. Br Fm>l N. His- 
LVd, Auitioc of " LaiUE-Wnrk." ^Vitli upward; of One Hundred lUtutia- 
tioni. Seoopd Ediiior - ■ ■ " -r . . ., .. 

" QbwI)' uU «ndRlj' irrLEE 

Wood l^niina. 

THE WOOD TORNER'S HANDYBOOS. A Practical Manual 
for Ifarjtm at Ihi Laihe: EmbiacipR IntonaUloa on the Tocli, AniliiUicea 
and ProceE^es Employed In Wood Turning. By P*dl N. Hasldce. Wilh 
upWMd* of One aimired mutlradons. Ctnwn Bvo, u. clolh. 

WOOD AND METAL TURNING. By P. N. Habluck. 
(Belog ihB Two preeedina Vols, bound logeibBr.) loo pp , *iih npwards of 
200 llfustraliDns, ciown Bvo, 31. GiL cl"- 

ff'atch Bepairing. 

THE WATCH JOBBER'S HANDYSOOK. A Practical Maimat 
an CluuiltiK, Kcbairing ani Adjuihag. Embracine InfOrniilion on Ihs Tools, 
Materials, Appliances and Piocesaen Emplored in Walctiwork. B« Paul N. 
Haslccx. With npwards of One HDndiedlllustrillona. Cr. Svo, 3]. clotb. 

Clock Repairing. 

THE CLOCK JOBBERS HANDYBOOS ; A PraMal Manual 
._-,......_ -.. id Aijusliog. EmbracinglnfOnnatioo on Ih^ Tools, 



Wifb One Hundred III 



A Practical 
Bjr Paul ET Hasluce. 



I 



Mechanical Manipulation, 

THE MECHANIC'S WORKSHOP HANDYBOOS. A Fratlicat 

kandfciaft PCDceeaes, with fiaefol Notes sad 'it&celluieoiu Memora 
By Paul N. Hasluck. Crown Svo, u. clotta. 

MoHel Engineering. 

THE MODEL ENGINEER'S HANDYBOOS: A Fratiical 
Ma«HBj e» Model Steam Engvnu. Embracing Information 00 Ibe To 
Materials and PiPQe65e5 Emploved in ihejr Conslruction. By pAut 
Hasldck. With upwards of 100 lllualialions. Crown Svo, m. clolh. 
ilructlen^^DSwl Krirn cuga>ci."—Tcl'Kr^/iUjiii.i-«al, 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK : A Practical 

Manual, embracing Information on the Tools, Materials, Appliances 
Processes employed in Cabinetwork. By Pavl N. Hasluch, AujIk 
"Lathe Work," S;o, With upwards of 100 liluslralioas. Crown Bvo 
clolh. ■ 1 h h -n t 1q d ufiiKi''"'*™'''' 



INDUSTRIAL AND USEFUL ARTS. 33 

Etectrblyvia of Gold, Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Ptaclical Tnatisi m thi EUdrolysis 
o/EoJrf, Silvir, Copper, NicM, and othir U rial, and Allays, With dEscrip- 
IioDE of VoLuic Biitleri<i&, Magnelo and DyDamo-Electnc MadiioeB, Thec- 
lODPileB, and of iha Materi:il9 and Frocesees uaed in eveiy DeparUDSui of 
Ihs Alt, and leveml Cbapters on KLcclro-MalaUuigy. By Alexander 
Watt. Third Edition, Reviaed and Coiiecled, Crown Byo, 9s. cLolh. 



Electro-Metallurffi/. 

ELECTRO-METALLURGY ; Practically Trialcd. By Alexander 



Electroplating. 

ELECTROPLATING: A Practical Handboak on the Depo 
tlon of Copper, Silver, Nickel, Gold, Aluminiuoi, Brass, PJaauum, Ac. J 
Wlib DeacripUoDS of the Cliamicals, Malerials, Balleriea and Oyno: 
Maciiinea used in the Art, By J. W. U»bu«"«t, C.E. SeconU Edilioa, w 



^ectrotyping, 

ELECTROTYPING : TkiRefrodmtion and MulliplieatioH of Print- 
ing Surfaca aiut Iferli 0/ Art by tlu ElictTo-depesitian of Metals. By I. W. 
USQUMAlrT, C.E. Crown Svo,<i. cloth. 

Borology. 

A TREA TISE ON MODERN HOROLOG Y. in Theory and Prat- 
liee. TiansUled from Ibe French o( CLiuniua Siuhibk, b; Tulikh Thif- 
FL1N, P.R.A.S., and EnwARO Bico, M.A., Aseayer in the Royal Mini. With 
79 Woodcuts and zz Coloured Pbles, Second Bdilion. Boyal Sva, £) «. 
cloth; £1 lOI. balf-dslf. 



Watchmaking. 

THE WATCHMAKER'S HANDBOOK- A Workshop Cotn- 



Ooldamiika' Work. 

THE GOLDSMITH'S HANDBOOK. Bj Geoxgb E. Geb, 

jeweller, Kg. Third Ediiian, coDBiderably Enlai^ad. itmo, 31. 6d. cl. bds. 

Silversmiths' Work, 

THE SILVERSMITH'S HANDBOOK. By George E. Geh, 
Jeweller, &c. Second Edition, Revised, with numerous lllustralioDS. ilmo, 
jj.fid.clotbbnardB. , 
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Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKERS AND SUGAR- j 
BOILERS ASSISTANT. Inelndlng a lurge variely of Modern Recipe*, 
Wilh Bemorks on Iha AM of Dread-miking. By Robirt Wells, Practical 
Ba>,er. Second Editira.wilb Additional Recipee. Ciown gvo, u. cloili, 

Confeationery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
Koi Hotels, RBBlauraoti and ttie Trade in eeDeral, adapted also flu PamilT i 
Use. ByKaBEitTW£LI.s, Anlfaor of "The Bread and Blscnil Bakei'i nod ] 



Ornamental Voiifi-vlionury, 

ORNAMENTAL CONFECTIONERY : A Guide tor Bakers. 
ConfiictionerB and Pa^Ciycouka-, iucludlup^ a variety of Modem Recipea, and 
d CoLoured Work. Wilh 1»9 Original Designs. 



ByR. 






Plour CoHfeetioneiff, 

THE MODERN FLOUR CONFECTIONER, Wholesale and 
Kelai!. Containing a larse Collection of Recipes for Cheap Calus, BiscallB, 
&c. Wilh Remarks on I^b Ingiedisnls used in llieir Manofaciure, Kc, By 
R.Wells, Author of -'Ornamental Coufectionery," "The Bread udBllcari 
baker." " The Pastrycook's Guide," An. Crown Bvo, a. clotb. 

haundry Worh. 

LAUNDRY MANAGEMENT. A Handbook for Use in Private | 

JournaL'' Wilh numerous IltiiGlvalio'ns. Crown Svo.u.M olotb. 

CHEUICAL MA MUFAOTURffi S & COUMEBCS. 

Sew Manual of Engineering Chemistry. 

ENGINEERING CHEMISTRV: A Practical Treatise for the 

.. , , .,_. ^ ^1 hoiis of Analysis and ValuatiouDf^hii 

"- ne ne Work, with numeroos Analyses, 
■ ■ ~ 1, F.l.C, F.C.S., 



'i. 



I Ma e as usod n Eng nc ng Work, with nt 
es and Sum n B H Idshu* Phillii 
a a dTon f gChn the Great EaaiernRi 



Annlyali and Tthiat on of Fuels, 

PUE SO IL LipUD AND GASEOUS, Their At^Xyas 
a Chem sand Engineers. By H. J. Pnii-l.— 



Alkai 1 u I U / icture of StUpltMric Acid, etc 

A MANUAL Ot iHh ALKALI TRADE, includiug the 

"-- - ~ *"■■ "■■■— ' •■ =■■ -■■ ' '-'-. and Bleaching Powder. 

i and Working Drawings. 



AGRICULTURE, FARMING, GARDENING, ftc. js 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTEY. MINERALOGY. AND 
GEOLOGY. ContainlDcall known Uelhods of Anh^diDOS Analysia. Work- 
ing EiBmplES.HndlnstiiictioiiafaiMBkuiK Apparalui. By Lieul,-Ca1. W. A, 
Ross, R.A. Wiih 110 lllnBtratioos. New Ed'iion, Ciown flvo, 5!. cloih. 

Commercial Chemical Analysis, 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 

Comineicia] VaJue of Subsiances used In Manufaciures.Tiadei, and ibe Ant, 
_^A. NoHMANoy, Now Edilion by H. M. Noad, F.R.S. Cr, Bvo, ru. 6d. cl. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Hhrbeht 




Revenue Officers, 

a' 'pock ET book of MENSURATION AND GA UGING .- 
Containing Tables. Rales and Meuoraoda for Revenue Officers, Brewers, 
Spirit Merchinis, Ac By J, B, Mant (Inland Rovunue). Second Edition 



AGRICULTURE, FA RMING, G ARDEMING, etc. 

Youatt and Burn's Complete Grazier. 

THE COMPLETE GRAZIER, arid FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. Inoludinn (he Breading. Rearing, and Faeding 
of SlDcli : ManaKement at Ihe Dairy, Culiure and Management of Grass 
- ■ ' - ~ ■ - - ~ - By W. V ■ " - 



[rely Nbw Ediii 






eatly F.nl^ 



ted. by 



. 1,000 pp. iinf 

Ag-ricultural Facts and Figures, 

NOTE-BOOK OP AGRICULTURAL FACTS AND FIGURES 
FOR FARMEKS AND FARM STUDENTS. By PamaosE McCommili,, 
- ' isor of Aericulture, Glaago« Veterinary ColiegB. Third Edition. 






r 
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Flour Ma* ufacture Mitling etc 

FLOUR MAN UFACTURE A T ea se on Mil ine 9 
ind P[ tiu Bt F H Ki K, npe a1 R k ninze b, Piofi 

Moeha ca T h OCT h mpa G man P ucbu i 

Pragne. Tni m R vi d Ed i 



:S7 U 



oi m-e 



Stnall Farming 

SYSTEMATIC SMALL FARM NG Th L am of m 

Fatm. B Moder Farm Practice SmiU FarsiBra 

inthr Feed a C Th Man m 



I 

I 



Modem Fanning, 

OUTLINES OF MODERN FARMING. By R. Sccnr Bcrh. 
Soils, Manures, and Crops—Fanning and Farming Ecnnomy— Catlle, Sbeep, 

and Horses — Managemenl of DaLry, Pigs and Poullry — -" 

T™,^s.™,e^ Irrigalion, So, Siilli Bdilion. J- "— v„i ' 
isel; IlIaBUalf ' 



Agrieultural Engineering. 

FA RM ENGINEERING.TRE COMPLETE TEXT-BOOK OP. 

CompminE Draining and Embanking! Irrigalion and Water Supply; Fann 
Koadi, Fences, and Gales ; Farm Bnildipga, llieir ArranEBinenl and Con- 
stnictioD, wiih Plans and Eslimates; Bam ImplemiinlG and Machines ; Field 

JOHN Scott, Editor ol'lhe " Farmers' GaiauL''"iale ProfesMr of Agrieullure 

and Rural Economy at Ihe Royal A ^callurai College, '•' ■- *- 

In One Vd1„ 1,150 pages, balf-bound, iiilh over Boo Iirusti 



English Agriculture. 

THE FIELDS OF GREAT BRITAIN : 
Agricnltnre, adapled to tba Syllab 




Tables for Fanners, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Gratioi, Agnmttural Sladeuls, Santyors, Land Aecxb Auc- 
lioHtm, lie. Wllb a Nan Syitem of Farm Booli- keeping. Selected and 
Amoged by SiDHEV Francis. Second Edition. Revised. 371 pp., wain- 



F'arm and Estate £ook-k..^ 

BOOK-KEEPING FOR FARMERS * ESTATE OIPNERS. 

A Praclieal TiBoIiH, preaenlinE, in T "" " - - - . .. 

ClBEsHSofFarnn. Be Johmsoii M.Wof 
Edilion, REvised. Cr, 8vd, jj. 6d. cl. bd 



fVuin Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 



Weekly Labour Account and DiirT, and shoving ttae Income ud Eipeo- 

... ,.. ,. „ ;BI nf Ciopa, Live Slock, Dairy, &c. &c Witb 

.(xonnl.andBalancB Sheel al Ihe and of Iha 

D Appendii of Forms. Ruled and Headed [or [ 

■d of the Fan ■ ' " " 



n, Profil and Ksa 



Elele Record of (ho Farming Operations. By Joh) 
be-—' ■-- " 



Cbanered AceaantanI, Folio, 71. &f. half bound. [ruOurr. 

"'—'-■— - iiuiat. rorm to, luepLiuc ftrm •toumtl laailllir and •camloli." — Igri- 

Ba/rly Fruits, Flowers and Vegetablea, 

THE FORCING GARDEN: or, How to Grow Early Fruits, 
Floners, and Veeelablee, With Plans and Estimates ioc Building Glass- 

ai tan. and ^'in1i\nm peat libBl nl V!ti\liblmBii:h\nB-"-'Gart^ttrl- Maeat'tf- 

" Mr. Wcxtd's boolG Is n Diletu] ind ai:tuuBti¥e wkswn lo the qiicBian ■ How to Grow Eariy 
ndu, niwBsiiHl V^irablur"— £an<<a-u' Ifaur. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING; or, How to Grow 
Vegetables, Fmils, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Flaming, Laying-out of Gardens and Grotuida, &c. By S. Wood, 



-on&» iul 






Gainful Gardening. 

MULTUM-IN-PARVO GARDENING: cr. How to make One 
Acre of Land produce £aio a year by IhBCullivatLon nf Fruila and Vegetables ; 
also, Hon to Grow Flanars in Three Glass Houses, so a.s to realise £17^ ^er 
jmnum clear Profil. By S. Woon. Fillb Edilion. Crnwn Bvn, li. aewed. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and AmaUura' ComfleU Guidi. By S. Waao. With III uils. Cr. Svo, 31. Ed. cl. 

Receipts for Gardeners. 

GARDEN RECEIPTS. By C. W. Quin. ramo, u, 6J. cloth. 

Market Gardening, 

MARKET AND KITCHEN GARDENING. By Contributors 
10 "The Garden," Compiled by C. W. Smw, late Ediiet of "Gardening 
Itlaalrated." nmo, 31. 6d. cloth boards. 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowcn, Fruits, and Vigetabtes for 
SnatiGatilins. By E. Hobday, iimo, 11. M. cloth limp. 

Fotato Vulture, 

POTATOES : How to Grow and Show Them. A Practical Guide 
to llie Cnltivalion and General Tie.it men t of the Potato. By James Fink. 
SBCDod £drliaa. Cro^%'n Svo, ai. cloth. 
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l^kS^ AND ESTATE MANAGEMENT, LAW, etc, 



Ueuure. ftc By it. HuDBOM, C,I 
elastic band, 4>. 



■Hd for slMwfpg how ta Uy oul pUni of around or tanaUi acroa in rOrmx. stiujf c^ rDUcd, Ac^ wJU 
nluBldfl nils For RsccrtElnhie Lhv probaUa f onh of ftundlnif rimbBi to uij anKunt; and U ol 

Ehvart'B Land Ittiprover'a Poc/cet-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES and MEMORANDA riBiiirld ia any CoM/utaliM rtlaling to tin 
FtrmanCHt Iraproacmmt of Landed Piofirty. ByJoHn Ewart, LandSiuiByoi 
■ud Agricultural EoEineer. Second Edition, REvbed. RofSl ivaa, oblong, 
leather, gilt edge!, witb el^tic band. 41. 

Complete Agricultural Surveyor'a Foeket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOS. Conslsling of Ibo abovs Two Worlu bouod 



gelber. Leatber, 



It Bdees, 



73. M. 



£^T^ 






ASSlSTANT.iotlheValui 



and greatly ei 



id by C. Mot 



I 



Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 

ESTATE AGENT AND VALVERS PI ■ " ■ 

UOD for Fuicbase, Sale, or Renewal of Lc 
of property generally; witb Prici " ' 
Viluir, &0. Fifth Bdiliou. re-w: 
Sorvayor, Valuer, &c. Royal jic 

Aucttoneering. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 
A Manual of Icslnicllon and Counsel for the Young Auclione«. By Rouir 
SguiBBs. Auctlaneer. SecoDdEdition, Reriaed andpaitlyRe-wrttlen. Dewj 






id Liabilities, Civil and Ciimini 



GUIDE TO THE LAW OF LOANS AND PLEDGES. 

Slalutea and a Digest of Cases on Rigbls ( "' " 

aa to Loans and Pledges of Goods. Deb 

^Sl'^der and' Libel," &c. 'wi^j'Addilii 
js. 61I. clDtb. 
" TJ^ work [onbtu flni^ etocyttjna tliil rtqulin 









Xaw o/ Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled For the Use of InvenlorB, Paienlees acd olbers. By 
G. G. M. Mardihchau, Assoc. Mem .loti.C.E., &c. Demy Svo, cloih, price 
JS.M. 

Metropolitan Bating Appeals. 

REPbRTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from tbK Year iBji (p 1885. 
Bj Bdwakh Kvde Hud Abthue Lyon Ride. Founh lidilion, brougtal down 

im, and aa Appendix by WaltebC. Rvds, ol Ibe^Doer Temp)e?^airister- 



I 



Mouse Property. 

■ HANDBOOK OF HOUSE PROPERTY. A Popular and Ptacti- 
caL Gnide to tbe Puictiase, Uoiteage, Tenaacy, and CoiDpalaoiy Sale of 
Houaes and Land, iDcludina Iha Law of DilspidalioQS aniTFitlures^ witli 
EisMplsB of all kinds of ValuaUons, UseFal JulDimatioo on BuildiDB, and 
Suggestive Elucidations of Fine Art. By E. L, Tahhuck, Arehllect and 
Suiv^r. FoBitb Bditioni Enlarged, itmo, 51. clollj. 

" A w«U.wzftIA]aJid thDUftlltful Wdrk."— /.aH^ >£rH''j Af£W^ 

Imvood's Estate Tables. 

TABLES FOR THE PURCHASING OP ESTATES. Freehold. 
Copyhold, or Liasckold; A»HHilia,AdvowiOHi,itc.,!ind for tbe RenenineoC 
Leases held under Cathedral Churches, Colleeee, or other Corporate bodies, 
lor Terms ot Years certain. and lor Lives: aTso tor VslQing^vBrsionarv 
"-•-— "—-—J ■ --' w„,. i.„^...,,[onj fc,,. ,,...,;,„™^.i,iz ■, 




AgrictUttiral and Tenant-Sight Valuation. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT. A Practical Handbook on Measaruig and Ealimaling Iha 
ConlentB. Weights and Values of AKricultnrai Produce and Timber, the 
Valoes of Estates and Agiiculiural Labour. Forms of Tenanl-Right-Valua- 
tions. Scales 01 Compensation under the Agricultural Holdings Acl, 1B83, 
&C. (tc By Ton Baiam. AgricnltBral Snrveyor. Crown Svo, 31. W. ciolh. 



PlantaHona atid Underwoods, 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook OD Estimating tbe Cost of Formio^, Renovailug Improving and 
Grubbing Plantations and Undervfoods, their VaiuatioD for Purposes ol 
Tiansfer, Rental. Sale or Assessment. Bv TOM Bbiqht, F.S.Sc. Author at 
" The Agricultural and Teuant-Kighl-Valuer's Assistant," Ac. Crown 8vo, 
3J. M, clotb, fjwI/FuHiiferf. 
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A Complete Epitome of the Laws of this Country. ' 

EVERY MAN'S OWN LAWYER: A Handy-Bock of Iht* 
Princifla 0/ Lax ainl Equity. B; A Bakrisiek. Tweatr-alnUi Edition, f 
RevUed and Enlareed, lacladiDg Itie Legislatian □( iSgi, and including 1 
careful digests gf Thi Tilhi Act, iB^i; Ibe Mortmain and Charitabli Uat I 
^c*,i8oi; IbeCkarilabUTnaUlRiarteryi Aet, \»y, the Forgad Transftn 1 
Act, il^i; the Ctatady of Children Act, iBgi; (he SlaHdii of Womtlt Act, I 
iSgii tbe Public Health (London) Act, iSgi ; the Stamp Act, iggi; thai 
Satimg! Bank Act,iSv, Ihe Elimtstary Educalion f Fra Eiiicatim''t Act, ¥ 

I Acts have been duly noted. ' I 
every cooso »^^('^^^/_ | 



I 




Private BiU Legislation and I'roviitional Orders. 

HANDBOOK FOR THE USE OP SOLICITORS AND EN- 
GINEERS EaeageA in PrwQoting Privale Acts of Parliament and Prori. 
sianal Orders, tor Ihe Aatboiication of Railwava, Tramways, Works fur Iba , 
Supply of Gas and Waler, and other undetlafciags of a liks character. By ■ J 
L. LiviNOSTOd MACASaKV, cf the Middle Temple. Barrisler-M-Iaw. ' 
U.lnsl.C.E.i Anlhorof " Hints on Watei Supply." Bvo, 950 pp., ijs. clolb. 

Dull, and tne Liider ol piwatuie ui ynrue ^ilj IJ^|:isladcul sulI Prn<iiii.ma ^dn^bl^S! 

" Tbe luLbor'a doubli: ciDfliLsace as jn eneiflea aiid barriifler hA4 flmibflqEly tpuUflBd Um for 
-'--'-■--'-' " nea^ndln— ~"""-^ 





A NEW LIST or 

WKALE'S SERIES 

RUDIMENTARY SClENTIFIC,EDaCATIONAL, 
AND CLASSICAL. 

I, AtM^IS. .•ndSludiBh^intraUy at villi OJ lo ll,<M"«i-rahJ 



trchilnli 



TTTTHl 



. 6-c., b^. 



" WEALE'S SERIES includes Talt-Books 
s and InduEtry, comprising such subjects ie 
and Building. Civil Enginaering, Fine Arts, M< 
Engineering. Physical and Chemical Science, 
Treatises. The whole are constantly nndergoinE I 
brought up to the latest discoveries ill scientilic 
issued. The prices at which they are said are as '. 
assured." — AmeTtain Lilcraty Gaielle. 

" Amongst the literature of technical education. 

ijoyed a high reputation, and the additions bein§ 
LOCKWOOD Si Son render the series more compli 






n almost every branch at 
iiiuiics and Mechanical 
nsion, and new editions, 



Whale's Sbrii 
; made by Msssi 
!te, and bring th 






val^ie."— Builder. 
"The volumes of Weale's 
ementary technical books in : 



others than the eic 

so well appreciated, t 
aeir general usefulnesi 

e of the best oollectio 




PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Soolu : Bndimentary, Scieutiflc, 

"WEJLE'S SERIES," ETC. 

CROSBY LOCKWOOD & SON, 

', STATIONERS' HALL COURT, LUDGiTE mi-V \-0^'>^ 




i 



MKNTAKV SERIES. 



WBALE'B &Tn}III[ENIAB.Y SCIESTIFIC SEBIE8. 




fretlf niuUntsd 1 
, T&rouglnHlt tin 



JV^M — fn ordgring from tka Li 



: Lill it i: 



CIVIL ENGINEERING, SURVEYING, ETC. 

WELLS AND WELL-SINKING. By Jf 



A.K.l.H.A., and G, R. I 



1. SWINDBLI- 






i'S,2.'i-''' 



So' 



IS. THE BLASTING AND QUARRYING OF STONE, fat 

HuirainE and other PurpoiM. Bt Gen. Sir T. Bunno™., Bart, is. 6d 

43. 3VBULAR, AND OTHER IRON GIRDER BRIDGES, 

ticularly dpscribing fhe Brilannia and Conway rnbulaj- BridgM. By Qk 
Dkvso*i.ii Dkmpsbv, C.E. FDurtli Edition, ja. -" 

44. FOUNDATIONS AND CONCRETE WORKS, with Pract 

Remark, on FoofioCT, .Sand, Concrele, Bolon, Pile-driving, Cainsni, 

60. LAND°'A%D'ENGiNEERING'si7Rviy!NG. By T. Bakml 

C.E. Pinecnlh Edition, revised \,i Profrssor J. R. Youkg. ii.I 

EMBANKING LANDS FROM THE SEA. With euuapl< 
and Particulannf actual Enihanknienti,&o. By I. WisGws, F.G.S. tm. 
81. WATER WO^fA'.S, for the Supply of Cities and Towns. Witil 
I Ddcription of thi^ Piin<:ipil Gi^oloeical Formjilioni of Bn^and u 1b- 
fluencingSunpliei oF Water, Sic. By S, Hlghes, C.E. Nsw Edition. 4L 

118. C/K/Z ENGINEERING IN NORTH AMERICA, a Skol3l 

r67. IROtJ BRIDGFsr''i^IRDEl/S, ' ROOFS, a'nd"'0TSSX 

WORKS. By Francis Campin, C.E. i>. M.t 
197. ROADS AND STREETS. By H. Law, C.E., revised aod 

enlarEed by D. K. CtAim, C.E., including pavemenl! of Stone, Wood, 

103. sJhll'Aliy'wORK IN TSB SMALLER TOWNS AND m 



i. OrifrluIIs 
d by WlUUi 



116. MATERIALS AND CONSTRUCTION ; A Theoretical 

Practical Treatise on ttaeStiaii]9,DciiBnine. and Erection of Worki of Ctm- 
■tnictioD. By Francis Cahmfi, C.E. Second Edition, revised. 3>4 

aig. C/Wi ENGINEERING. By Henry Law, M.IdsL CJL 

Ini-ludlnif HvrmAm.ll- F.»nrai.i.ii r»n h. r.rn. R. BuFNBLL. M.Init C.B. 

s by D. KiNNUK Cuux, 



M.I1 






H ByG.D. Dempsi 

■ inDrsiniieeEngin 

■ Cn™.he.f ,..*6d 


,C.E. Roviaed, with large AdditionsoB Recent PiMdca 
niine,byD. Kjnneak Clark, M.l.C.E. Second BditiaD, 


H M*" TiitiMJicalat 


ai fkise veil, may tt Maji/nrngfy Ixitaulal6d. ixlrm. fl 


H UlNDOM 


CROSBY lAeK.WOOQ AND SON, M 



MECHANICAL ENGINEERING, ETC. 

;. CRANES, the C(iTi!<truction of, and other Machinery for Rafdne 

Heavy RodiM. By Joskfb Gl»i™, F.R.5. Illuslraled. n.6d. 
.. THE STEAM ENGINE. By Dr. LAaDNEi. UluatratEd. is. 6d. 
|. STEAM BOILERS: their Construction and Management. Bj 
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t. THE FOfVER OF WATER, as applied to drive Flour Mills, 
indtoeivtrmotion toTurbiDei, be. Br JoaspH Glihr, F.R.S. ii,J 

1. PRACTICAL MECHANISM, the Elements of; and Machine 
TdoIi. BtT. Hakir, C.E. With Additlont by J. Nasmvtk, C.K h. 6d.t 

I. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 
of.nithRulEsandEiaiDpleifor PracdcalMed. ByT. Baker, C.E. li.ed. 

\. MODERN WORKSHOP PRACTICE, as applied to Steam 

EneinH, Bridges. Shlp-buildiDg, Cranei, be. ByT. G. WlHTOH. Fourth 

Ed:iion, muth enlaigeS and carefally rorised. ji. 6A.% {Juit ^uildlLed. 

\. IRON AND HEAT, exhibiting the Principles concerned in the 

CanalrurtiDTi of Icon Beaini, PillaTB, and Giiden. By J. Abmouh. 19. 6d.t 

I. POWER IN MOTION: Horse-Power, TooHied- Wheel Gearing, 

LoneandShortDrivineBaodi.andAngular" '■- ' ' -- 

I. THE WORICMAN'S MANUAL 
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E. LOCOMOTIVE eAgIn£s. By G. D. Dhupsbv, C.E. ; with 

large adfJilin.1. by D. Kihmk*r Clark, M.I. C.E. ].,t 
I. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

niatinff, and CalculalinE_Boder and Tank Work. By JoHB CooKIKBT 
traclJi:al Boiler Malcr.^ditcd by D.K.CL*aK,C.E. roo Uliutralionl. a., 

r. SEWING MACHINERY : Its Construction, History, &c., with 

fall Technical Directions (ai Adjnsling, bo. By J. W. UbquhARI, C.E. u.t 

J. MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding, Culine, Forging, r<ioli, Workahon Machinery, Manufaclun iX 
fheSleaniEngine.se. SyFnAKcis Cabpik. C.E. Second Edition. 81, M.l 

>. DETAILS OF MACHINERY. Comprising Instrnctioiis for 
the Biecutionofvarions Works in Iron. By Francis Cahpin, C.E. i%X 

J, THE SMITHY AND FORGE; including the Farrier's Art aad 

Cuach Smitbing. By W. J. E. CRANE. Illnitraled. as. fid.f 

i. THE SHEET-METAL WORKER'S GUIDE: a.PiiiAKa\.iJimd- 
book for Tinsmiths, Cn[>penmith9,Zincworken, &r. Wilh 94 Diarinins and 
Working Patterns. By W. J. E. Crahi. Secood Ediliou, renied. u.Sd. 

r. STEAM AND MACHINER Y MANAGEMENT: with Hinto 
00 ConstructiOD and Selection. By M, Powis Balb, M.I.U.E. H.M4 

[. THE BOILERMAKER'S READY-RECKONER. By J. 
CouRTN-nv. Edited by D. K. CtARK, C.E. 4s., timp ; i%., haif-boued. 

;. LOCOMOTIVE ENGINE-DRIVING. A Practical Mannal for 
£neineeiiinchargeaf[..ocomotive Engines. ByMiCHASLKRvNOLOt, M.5.X. 
Eighth Edition, js. 6d., limp r 49. 6d. cloth boards. 

i. STATIONARY ENGINE-DRIVING. A Practical Manual 
EaginHES in charge oF Stationary Enginet. By Michasi. Kevnolus, M.S.E. 
Thfrd Edition, is. fid. limp ; (s. 6d. cloth boards. 

I. IRON BRIDGES OF MODERATE SPAN: their Construe- 
1 and Ereclioo. By Hahii-iom W. P»NPsai>, C.E. is. 
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WEAIE'S RUDIMENTARY SERIES. 

MINING, METALLURGY, ETC. 

,. MINERALOGY, Rudimeots of; a concise View of the Gennat 

Propcnia of Minerali. B; A. Rahut, F.G.S.. FJt..G3., lie. Third' 

Edilion, nnrisedand cnlaiEell. IlluBlraled. Ji. ed.t 

. SUBTERRANEOUS SUR VEYING, with and wiihont the Mae- 

nedcNndlc. B; T. FiiwicKandT. Bakih, C3. tlluiDatcd. u. 6d.t 
1, ELECTRO-METALLVRGY ; PracdcaUy Treated. By Albi- 

I, MINING TOOLS, Manual of. Foi the Use of Mine UanHgers, 

AeenU, Sludontl, tc. By WlLLIAH MOHGAws. fl4. 6d. 

I. MINING TOOLS. ATLAS of Engraviiies to lUustiate the above, 

containing S35 Il'unration), drawn 10 Scnlo. <to. 4«- 6d, 

I. METALLURGY OF IRON. Contnining Histoiy oflton Mann- 

factuce, Melhodi of Asiav, and Analyies of Iron Oiei. ProceSKS of HUD' 
fatwtt of Iron and Sloef, Sd. By H. Bauimiah. F.G.S. Siith Edition 
reyiied and mlarged. s»-t IJksI fniliilktd. 

I. COAL AND COALMINING. By the late Sir Wabujgton W. 
SutiH, MJl., F.R.S. Eevantb Edition, nviicd. ji. 6d.t [Juil fuiJisAai. 

:, 7i/£ MINERAL SURVEYOR AND VALUER'S COM. 
PLETK GUIIIE. ByW. Linhhh, M.E. Itird Ed.tioo, iBcIuding 1 
oelicindAognlarKurveyinE. With Foar Plate). ».fA.X 

,. SLATE AND SLATE et/^flver/A"!?, Scientific, Practical, and- 

Commerdal. By D. C. Davhs, F.G.S., Mining Engineer, &c. JlJ 

I. y) FIRST BOOK OF MINING AND QUARR YING, with Hie 

Sciooeei coonEcted thorewith, for Primary Schools and Self Inslrnctioi " 
J.U, CoLUNS, F.G.S. SecotidEdilian.Hilb additions. i9.6d. 
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17. ARCHITECTURE— STYLES— The History and Description 
Ibe Styl« of Architectnro of Vanoui Countries, frem tbe Eulimt to 
Prnseol Period. By T. Tauot SoRir, F.R.I.B.A.. &c. lILnatraled. 11, 
*." Oboebs a»d JirvLES ot ABdHinieTKKB, if One fo/, 31. 6rf. 

t8. ARCHITECTURE— DESIGN— Tht: Principles of Design in 

GrtikaadGotWcArcbitMts!XE^ ""' ^"""^ ' " 
••• Tkt three frectdias Works, in Ott, 



WotiioB Drawings, Sperificaliont. and Esii'matta." By E. Dob 
15. MASONRY AND STONECUTTING .■ Rudimentsry Ttei 

on tlie PrinciplBS of Masonic Ptojoelion and tbc'- - -'" "" ■ ' 

nmction. By Edwaru Ddbsun, M.U.I.B.A., &c. 
41. COTTAGE BUILDING. By C. BittiCE Allen, Aicbitect | 

EleventhEdition.nmudandenlarEed. WitbaChapteronEcnnmnicCottaEH 

ibrAlloUneDti, bySDWAHDE. AU.IH. C.E. 93. 
4S. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICSy\ 

PLASTERING, kc. By G. R. BititNBtJ., C.E. Tfairteenth EdiiloD. 11. b£) 
(7. WARMING AND VENTILATION. An Eiposilion of Iha. 

General Prlociples ai applied to Domestic and Fnblid ^uildlogi, Mine^ 

LiEhthnuaes, Ships, (.c. fly C. TOHHNaoH, F.R.S., Ic. Uluilni^ ji. 

III. ARCHES, PIERS, BUTTRESSES. &-c.: Experimental Essa.™ J 
onthePriniiplMofConimiction. By W. Bland m.-.—J .. « ' 1 
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ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

117. ARCHITECTURAL MODELLING IN PAPER, the Art'or 
B;T. A. RicuABOSDN, Acchitsct. llloitiatiid. 11. 6d. 

ij8. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. lo Ten Book!. Tnmslatcd from the Latin by 



)0. GRECIAN 'kRCHITECTURE, A^ inq\^''inlo the Principles 
of Beauty in ; mth an Historical Viow of tba RisB and Progress of the Art in 
GtBocb. By tho Emlot Abeedebk. is. 
Tit Itliaprtcedmg Works in Our kandsom Vol., half bound, attilUd'-Kvaxm 

t3a, THE ERECTIOn'oF^DWELLING'-HOUSES. Illuatrated by 

a Ferspectivo Visw, Plans, Elovationi, and Sectiona of a. pair of Setnt. 
dstaebed Villas, with liin Specification, Quantities, and Estimates, Ac. Br 
S. H. EsDOKfi, Now Edtiion, with Plates, m. 6d.l 
156. QUANTITIES &■ MEASUREMENTSm Bricklayers', Masona', 

PlastEISri', Plumbers', Painten', Papurhangeis', Gilders', Smiths', Carpeatsn' 

•- ■ -Work, fiyA.C " " 
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furiher Enlarged. Hy Fh*nc7s T. W. Millbk, A.R.I.B.A. 700 pagM. 
it. 6d. ; clotblioards, 41. IJml fuUllitd. 

i8j. carpentry and joinery— Tbs. Elbmentart Pruj- 
eiPLBB OP Cakpbkibv. Oiiefly composed fnuo the Standard Work of 
Thomas Tbedgold, C.E. Willi a mEATISK ON JOINERY by K. 
WvKnHAM Tabk. M.A, Fifth Edition. Revised, ja. 6d.f 
«8*». CARPENTRY AND JOINERY. ATLAS of 35 Plate* to 
acFompaDytl^c above- With Descriptive Letterpreaa. 410. 6a. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 

Glass. Sc: Uneq nal- sided, SijuarE-sided, Octagonal- sided. Round lliaber 

187. HINTS i'o 'yobhG'"ARC^ITECTS. By G. WloHTWttx. 

New Edition. Bt G. H. GuiiiAnMa. Illustrated, ja. M.t 

188. HOUSE PAINTING. GRAINING, MARBLING, AND SIGN 
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ry Drawing IbrHous. 
■ " jeints. By Eu. 



Sitth Edition. With Coloured P 
189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sectiuna : General Piinomles; Arob Drawing, Cutlini, and Setting; 

Pointing; Paving. Tiling, Materials; Slating and Plaatenng: Practical 

Geomatiy.Menaunitioni&c. By Adim Hammond. Seientb Edition. ii.6d. 
■91. PLUMBING. A Text-Book to the Practice of the Art or Craft ol 

the PInmber. With Chapten upon House Drainaxe and Tentilation. Siltb 
Edition. WithjSoniusirations. By W. P. Bitcban. ]a.6d.t 

igi. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By R. E. Granov, h. 

ao6. A BOOK ON BUILDING, CivU and Ecclenaslical, inclading 
Cmmcil Rbstoration. With theTbeoiy of Domes aod tba Great Pyramid 
B.C. BvSirEDMUNDBBc:KKiT,Bart..LL.D.,Q.C.,E.B.A.S. 4s. 6d.t 

3l6. THE yOINTS MADE AND USED BY BUILDERS ii 
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6 whale's KUDIMENTARY SBRIES. 

Architecture, Building, etc., continued. 

Jsg. ELEMENTARY DECORATION : as applied lo the lateticwV 

ud Exterior D«onilian of I>i>Hl]liiK-Houie9,&c. Br J. W. FAcnT. ». ff 

157. PRACTICAL HOUSE DECORATION. A Guide to the Art I 

of Orniinontil Painling. By UwiIS W. Fachy. iH.6d. 
■.* Till hto preceding Warla, in 0<u Sandsami Vol., kalf-domtJ, tnlilled " . 

*]o. HANDRAILiNG. ShowineNcwand Simp'leMetliods rarfindc 
the Pilch of ths Pluik, Dranliie ths Moulda, Bcvelline, Jninlinr-i 
Squaring tbx Wnulb. By GioHGi C01J.1110E. Second tiMioa, B 
iccludiDsATKEAiismoN St*[riiuim>ino. Kalciind DiiigrBmi. i..._^ 

147. BUILDING ESTATES : a Rudinientary Treatise on the Develop 
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148. PORTLAND CEMENT FOR USERS. By Hknrv Fajja, 1 
Auoc. M. Init. C.E. TUird Edition, comclnl. Illiutrated. 19. I 

151. BRICKWORK : a Practical Treatise, embodying the General I 

23. THE PRACTICAL BRICK AND Til's' BOOK Comprfsmg : I 
i8g. Brick •nd Tilb Making, by E. Dobs— - ^ ^ 1. . ™ n ■ 
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TIMBER MERCHANT'S, SAW-MILLER'S, ANa\ 

.'S FEEIGBT.BOOK AND ASSISTANT. By Wm, BUch- " 

ixDioH. nilh a Chapter on Speeda of San-Mill Mac" ' " ' 

M. Powrs Bali, A.M.lnit.C.E. ii.t . 

»S8. CIRCULAR WORK IN CARPENTRY AND yOINERY. 1 
A Practical TrcaliM oB Circular Work of KIubIb "d DouBle Cut-- - * 
By Geohoi Cdtlinos. SecoTid Editlun, ii. 6d. 

*S9. GAS FITTING: A Practical Handbook Irealing of every 1 
DEacHptiDn of Gu Laying and Fitting. By John iti^ACK. With 111 Illoi- \ 

j6i. shoring and ITS APPLICATION: A Handbook for the 
U>« of Student). RyGioRoiH. HuoRovn. ii.M. [JmsI fuilisiid. 

865. THE ART OF PRACTICAL BRICK CUTTING f-r SEITING. 
BtAd.mHamhonii. With 00 Hneravingt. is.Cd. \J>al±,J,lakta. 

167. THE SCIENCE OF BUILDING: An Ekmeolary Treatise on 
the Ptincipl« of Construction. Adapted to the KMuirementu nf Architec- 
tural Student!. By £. WyNDiitH Tarn, M.A. Lond. Third Edition, KmrlHid 
ud Enlarged. With S9 Wood Engravings. ji.M.t HfuslfiiOlalud. 

271. VENTILATION : a Text-book lo the Practice of the Art of 
Tenlllalini; Buildinii, wilb a .Supplemenlar; Chapter upon AirTeitinE. Br 
WlLLiAi. Paton HiicMiN, R.P.. Sanil;iry aad VenlllatinB En Binorr, Author 
Di "Plumbing," &c. ,,!..CA.t UuitfuiliikiJ. 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 
51. NAVAL ARCHITECTURE. An Exposition of the Elementary I 

Principle] of the Science, and their Practical Application to Naval CnnHnu^ I 
Uon. By J. Pbak«. Fifth Edition, wilb Plalei and Diagiamt. - '' - ■ 

S3*. SHIPS FOR OCEAN &■ RIVER SERVICE, Elen 

Practical Principle of the Construction of. BvH.A.SoHMaRr , 

ly. AN ATLAS OF ENGRAVINGS la '^aimie\iiea.ba\e. Twelve 

large folding plalei. Royal tto, cloth. ;s. bd. I 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, \ 
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ShIpbulldiDg, NavlgaUoa, Marine Engineerlag, etc., cont. 
S4*. IRON SHIP-BUILDING. With Praclical Eiamplesand Details. 
BvJdkuGkaniham, C.E. F!ft(i Edi.ion. 4.. 
SS- 7"^ SAILOR'S SEA BOOK: r Rudimentary Treatise on 
N.yiEBtLon. By Jambs f-— — ~ n ■ u^i.i. w.,j„ j 

MnnHAi, C.B. Eiehlh Edition, thoroughly Kevlssd, with Mis'ii< 
Aulbor sod by Gbokok CAKLrsLB, C.K. 4». 6d- I'lnP ; S>- tlolh boaju.. 

«3S«. Ttfff FORMS OF SHIPS AND BOATS. By W. BulNa 
Seventh Edilion, Ravixid. with numeroui Illu>lialioni and Modeli. 11. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, vaThsory 

imd Practice, HyPiof. J. R. YolTHO. Ne.i Edition. JS. M. 

■06. SHIPS- ANCHORS, 3.TteaX\se on. By G. Cotseij., N.A. ls.6d. 

149. SAILS AND SAIL-MAKING. With Dtaughting, atid the Centre 
of Effort o( the Sails; WBighli and SLiei of Rope.: MailinE, Riggini;, 
and Sul> of Steam V»V)1l,&c. nth Edition. By R. Kiffinc, N.X: ii.fid.l 

155. ENGINEER'S GUIDE TO THE ROYAL &• MERCANTILE 
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AGRICULTURE, GARDENING, ETC. 

•. A COMPLETE READY RECKONER FOR THE ADMEA- 

SDREMENT OF LAND. &c. By A. Arhan. Third Edition, reiiied 
ud eitended by C. Nonnis, Survoyor, Valurr, it. a. 
I. MILLER'S, CORN MERCHANTS. AND FARMER'S 
READY RECKONER. Second Edition, with 1 Price List of Modem 



I By R. Scott 
. FARMING &■ FARMING ECONOMY, Notes, Historical anil 

..stock] CATTLE. SHEEP, AND HORSES. (Vol. ' 3.' 

OuruNBS OF Modern Fahminc.) By K. Scott Burh. Woodcuti. u. 6d. 

;. DAIRY, PIGS, AND POULTRY, Managemetit of the. By 



R. Sco 



. |Vol. 



I Mdue 



, UTILIZATION OF SEWAGE. IRRIGATION, AND 
RECLAMAnON OF WASTE LAMD. (Vol. S- OurUNBa or Modeu 
Fahuiho.) ByR. Scott Burn. Woodcnii. ii.6d. 

Vat. 140-1-1-5-6, M Om Vol.. iafidsamefy Aalf-toKfid, tKiiiled " OutUNU Of 
Modern Farminc." By Robbxt Scott Burn. Pria lu. 

', FRUIT TREES, The Scientilii: and Ptofitabie Culture of. Ftam 
the French of Du Brsuil. Reviled by Geo. Glennv. (87 Woodcuti. ji. Sd.1 

;. SHEEP: THE HISTORY, STRUCTURE. ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, Sc. Fifth Edition, 
eniargcd, includiDg SDccimeoi oi New and Improved Bteedi. js. 6d.t 

. K/ILHEN GARDENING MADE EASY. By Geoxqk M.F. 



must 



aUd. I 



■. OUTLINES OF FARM MANAGEMENT, and the Orgmti- 

wlionof Farm Labour. By R. Scott Burn. a.fA.% 
I. OUTLINES OF LANDED ESTATES MANAGEMENT 

By R. ScoitBcbn. M.6d. 
Vai. «)7 £- ml IK 0«t ypl., Aaiuinimtb kaiJ-ietinJ, tnii'lltd "Odtuhes ot 
-ANDBD Estates AND Farm M*NAOE«K(iT-" By R. Scott Burn. Priciii. 
Br* The Mndkaies thai that tinls. may ba had linmglyiaind at td.txtn. 

7, stationers' hall court, lwdgate hill, E.C, 
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Agricultnre, Gardenliig, etc, eontircutd. 
K19. THE TREE PLANTER AND PLANT PROPAGATOR. 

A VrxrAoi Muoal on tbe Pnnugition Bf FoRit Tno, Fmit Tnc^ 
FloverTDg Shmbi, FWwaiDg Pluu. kc. Br SxmnL Wood. b. 
fio. r/r^ 2X££ PRUNER. A Practical Manna! on the PnnuDg of 

FmilTies. incliidiiic alio tli«r Training and Kmomim* also tk Prouu 
irfShniiH, CliinbftI.Mil FknwiiDgl'laDU. By >i*«CIL Wooo. «. &* " 

*•■ /fn. IBQ &■ lis »• (Tw rs/., ^ii>.&i>iBuJr kalf-btmrnd, rttlillrj "Thb 

ll«. 7W£ ZM Y AND STRA W MEASURER : Bring New Tablnfl 
for liie U« of Andioneflif ValiKrir Fannfri, H4]r and Straw Dealov, tA 
Br John Stiau. Fonnh Kdiiian. a. 

2M. SUBURBAN FARMING. Tbe Lanng-ont and Cultivatioii s 

Famn, adapled Co Ebf ProdBce of Uilk, Bn'ttR. anil Cbcete, Ern, PiwUn 
aod PiK>. Sj ProL Joiw DoNiino* 'od R. Scott Bi-u. 31. Ax 

131. rs£ ART OP GRAFTING AND BUDDING. By Cbaujb 
BALTit. With Ulimrsiionj. u. fid^ 

»«. COT7AGE GARDENING: or, Flowers, Fraits. and Vegetabta 

fm Small iiaideni. By E. BoBDAV. 11. M. 

21%. GARDEN RECEIPTS. Edited by CsAfttES W. Quw. is. 64 
»J4. MARSETAND KITCHEN GARDENING. ByC.W.SttAW, 

rlateEdiloraCGanJeBinellliutratcd." ji.t [y>af fmtlatoL 

139. DRAINING AND EMBANKING. A Practical Treatise, em- 

By JaHH ScuTT. lau Profenoi of AEticuItun and Rnial EcDnnnT at Oa 

KDyaiAKiicidlural Collegia arnicencr. With £8 IUi»trati<ma. a,6i. 

140. IRRIGATION AND WATER SUPPLY. A Tieati^ on Watv 

UFadowi, Sewage IrrigatiDn. and Warpinc; tlio Coniliucliea of WdlL 
Pnndi. and Reservaiii, U. By Piof. JohhScott. WiihjfUliu. ii^Ed. 

141. FARM ROADS, FENCES, AND GATES. A Practical 

TreatiiF on the Koadi, TramnaTl, and Waterways of Ibc Fans; dw 
Saia'." B/profHM "jouM'scorrf WiSTrs I]'la.i«tioniI'™'. 6d. 

J4i. FARM BUILDINGS. A Pracltcal Treatise on iLe Boildiiip 
iriirESi and^EiI^maWi. By PrS.'jom^Srm.^wTTh iS Ulm. u. ' 

143. 5^JAr IMPLEMENTS AND MACHINES. A PraetKal 

TreatiH OD tbe AppLJcalion of Power la the Opeialions of AericDltnre: and 
onvarioniMachineiniedlnthoThreihinK-bam, in theStock-yaid,aodmtIi« 
Dairy, ftc. By Prof. J. Scott. Witli 1J3 liluiliattoni. n. 
»44. i!7££Z) IMPLEMBNTS AND MACHINES. A Practual 

TrealiK on the Varieties now in lue. with Principle! and Detaili al Coa- 
■tiaclioD, their FoinU of Eicellence, and Managenieiit. By ProfeBer Jomi 
Scnrt. With tjS 111 uilntiont. ». 
145. AGRICULTURAL SURVEYING. A Practical Ttcatise oa 

matine Qiiantilis. Wdehts. and Valnei of MatErinli, Produce, SlDck, ftc 
By PrDf.^DHH Scott. With 6: lllsttratioai. 11. 6d. 



XT-Book or Paih Engihbbbing." By Piof^uior yoH 



150. MBA T PRODUCTION. A Manual for Producers, Distribaton, 

te. ByJoH»Ew..T. ». 6d,. 
266. BOOK-KEEPING FOR FARMERS&- ESTATE OfFNERS. 
cloth' iK.ardi.'"""'*''' " '""""' "' "' ' \jBi/TJsiJka/, 
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MATHEMATICS, ARITHMETIC, ETC. 
\>^, MATHEMATICAL INSTRUMENTS, a Treatiae on; Their 
Contnaction. Adjiutiomt, Taling, and Um conciwiy EipUfned. By T. F. 
HuiHEB. M.A. Fourtmith Eailioii. reviled, wlQi atldilloni, b; A. T. 



y6. DESCRIPTIVE GEOMETRY, a 

with a Theorr of Sb^tnn and of Peripsi 
G.MoNci. To which ii addled, a deicrip 
of Iiamslrical PiojccCion. BfJ. F. Him 
■JK. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Uodu of Con.truclinB Figum conUintd in one Plane and Gcomelrica.' '" 

UmctianoFlheGmund. By |. F. Hbaihbr. MjV. Wilh lis WoDdcu 

8l. COMMERCIAL BOOK-KEEPING. With Commerdfa Phrases 

and Fanni in Enetiih, French, Italian, and German. By Tahbi HADDOH. 

U Jt., AdIlimBIJcal Mailer of King'g College School, London, ii. £d. 
«4. ARITHMETIC, a Rudimentary Treatise on: with fuU Explana- 

lioni of iu Itieorettcsl Pnncipla, Bud numeioui Eiamplci foe PcacCice. By 

ProfeiiarJ.K. YOUHS. Elsvenib Edition. i>. M. 
•4*. A Ksv to the ahoie, contalmng Soiotioni in fiill to ths EicrcIsH, togethec 

T«M:he«a™dUnaB."K^liaI^m.. B"fJ^.\Da™"i^'6A°' " " 
85. EQUA TIONAL ARITHMETIC, applied to Questions o( Interest, 

Annuitiel, Life Alanrance, and General ^onunerce ; with varioiu Tablu by 
■ _ eally lacniUted. By W. Hipsuiv. ■■. 
h 86. ALGEBRA, the Elements of. B7 Tames Haodon, M.A. 

WilhApptindii, eontam:— "i'""""-""- I - ■ ' --..-. 

_ of Problemi in varion. 

ffi'. A Kiv AND Companion 

i.y'inTl^b^ic 

r S8. EUCUD, The Eli 
' - and EipLanatoiT Not. 
Logic. By Ha«RV L* 

•,• io-a Ola stfaraltly. B«. .— 

Edcud, The Fint Throe Book]. By HsNiiy LAn, C.E. 

EucuD, Baoks 4, 5, 6, II, II, By Henhv Law, C.E. 11. < 

\ Vi- ^i^-A^yriCAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hank. A New Edition, hy Professor J. R. YouNn. ii.t 

ai. PLANE TRIGONOMETRY, the Elements of. By JAUES 

\ Banm, formerly Mathematical Master of Kine'i College, Loodon. II. 6d. 

I 9*. SPHERICAL TRIGONOMETRY, the Elements of. By Jaues 
' Hahh. Kevised by Charlis H. Oowum, C.E. 

•,* Ortsilk" Thl Elemen/s 0/ Plane TrigtmBmrtty," 

,. MENSURATION AND MEASURING. With Ihe Mensuration 

and Levelling of Lajid for thePurposes of Modem EnEineering. By T. 
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lartsof Aleebra. : 

o the above Book, formioB an eilensive repmitor 
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. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WOOLHOUSF. F.R.A.S., tec. II. 6d. 

lo». INTEGRAL CALCULUS, Rudimentaiy Treatise on the. 
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lO WBALE5 RUDIUENTARY SER1S6. 

Mathematics, Arithmetic, e'f.c, contintud. 
\fi&. DRAWING AND MEASURING INSTRUMENTS. Indnd. ' 

iog— 1. Jmlrumenti employed in Goomotrical and Mechaoical Dravtni, 
and in the ConiUuction, Copying, and MEaiucemenl of Mapi snd Plain. 

Arithmelical CoidmiUlion.. ByTl\ HiAiHBS^V'.A.'^lllucnited.'im.WL 

169. OPTICAL INSTRUMENTS. Including (more especially) Tde- 

ICDDH, Klicrntcopes, and Anpamtua for produciiiB copiea of Mapi and Plana 

bv Phntngrapby. B< J. F. Hbathek, M.A. inuilraUd. ». &. 

\-]0. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

i tor Deleminine tfae GuomMncal Featiire* 

;niiDenti Eiapluyed in Ailrononii™! Obiem- 

A. Uluilrated. 11. 6d. 

_ -^ — ..^ ,^..r. »— enlargemfHt ofthg Autkm't originai mvrk 

•• italhnKalical /ntlTHmtnlz." [Sa fl/c. m in Ike ^cn'n.) 

ai.-i MATHEMATICAL INSTRUMENTS. By T. F. HkAthm, 

t«9. 1 M^. Enlarged Editloa, for Iba moil part enlirelf re-KnttDn, Ths i Puta a* 

no.) aboTcliiOnethickValuiBe. Willi numeroui UIuilratiDas. a.6A.t 

lj8. THE SLIDE RULE, AND HOW TO USE IT; containinj 

' WiiJi'aSlldoKulein'i^E'a 

196. THEORY OP COMPOUND INTEREST AND ANNUZ- 

TIES; nilh Tablm of Logarilhnii for the mora UiSculI CornpuCaliDn* of 

InUmil.Diicouiit.AnQuitiei.l'C. Bv PiDoaTMUHAM. Fuurlh EdilioD. ii.t 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and ConcWo 



SLJDE RULE, AND HOW TU USE IT; contBinnlB 
bJIA" rapT^ly imd^ccnraey. ""BSTcHABLaTHoAai,' C^?"FiftJ» 



Mstbadl of Performing tbe vaiioal Arilbmslica! OprraliDni required 

Commercial and Buiinen Traraactioni ; togelber witb UmIu! Tablot. ... 

D.OJGciBijAB. TwMity-MveBIh Ed^tioHj. ca-afiilljr rsvi»d by C. NoMUS. 

tSlroiioiniGal, 

in Lo^ajithiDL 



D. O'GciBniAB. TwMitj-MvtBIh Edition^a-afiilly rsvi»d by C. NoMUS. 
■04. MA THEMAT^d^L TABLsJi, (orTrigoDQinTtricil, Astronomical, 



Bv HiNBy Law, C.E. ToguChar wilb a Scriei 

and Nautical AalronomT. By Prof. J, R. Youho. New Edition. 41. 

«»4». LOGARITHMS. With Malhematical Tables for Trigonometrical, 

A>troDnBi;<:4],andNaulical Calculation!. B/HsNRr Llw.M.Init.C^. New 
and Revised Edition. {Focminir pan of the above Work). >i. 

»ii. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Ana]y.U of Ibo Chriiiiao, Hebrew, and HabamotaD Calen- 
dars. By W. S. B.WaoLKOuiB, P.K.A.S.,F..S.S. S^'.i^ntli Edition, u.6d.t 

117, MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illuatraling tba vatiom proceKca of Mathemalical IniBti. 
frart^ialElI^mplil. Bv p'?tri'"a Campi ™£.E. I^on'd Edil?o'^ ™t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY. By Professor Gsorge FoWNES, F.R.S. With 

1. .flSr???7fii"/'tf/i(fjO/wi', In™oSion w'^tb^^^ By 

C. TOHLiHtKiN. Woodcuu. 11. ad. 

6. MECHANICS, Rudimentaiy Trealise on. By CHAttias ToM- 

LtHSOH. lUuilraled, 11. Gd. 

7. ELECTRICITY; showing the General Principles of Electrical 

HAaa"| f!r.S.? £'.'^™tb°Addi'iioo. bp'R.^AfliSi,^.!',., ?.S.A. xi. M." 
7". GALVANISM. By Sir W. Snow Harbis. New Edition by 

8. MAGNETISM; being' a concise Exposition of the General Prin. 

ciplei of UagncHcal Science. By Sir W. Snow Habbis. New Edition, 

rcinaed by U.M. NOAD, Ph.D. With 16s Woodcutj. 3'. 6J.t 

aar- 7'/ifl md<!:atei> thai IkruvoU. may hr had, lnnifyb-Ht>daliid.txtm. 
LONDON ; CB.OSB\ LOtlWiOOTJ ftS'D Sa^S, 



Physical Science, Natural Philosophy, etc., amtinucd, 

11. Te£ ELECTRIC TELEGRAPH; ils HBtory and Progress; 

intbDcjcripIioniDfioiaeoflliiAppatiilus. Br R. Sabim, C.B., P.S.A. j>, 

12. PNEUMATICS, including Acoualies and the Phenomena of Wbil 

Cumnli. far lbs Uie of Ueginnen Uy CuMiLILS ToHLINBOH, F.R.S. 
FouKh Ldilion, ealdrgcd. lUulralL'd. ii. 6d. \Jh!I fuihiJud. 

:. AtANUAL OF THE MOLLUSCA ; a Treatise on Recent anrt 
FouEl Shslls. B> Dr. S. P. Woodward. A.L.S. Fourth Edilion. Wilb 
PlUemnd joo WoodcnU. 7<-U., dolb. 
II96. JSneOiVOJ/r. By the late Rev. Robert main, M.A. Third 
F 2dician,by WiLUAuTiivHHiLvNH, B.A.. F.R.A.S. 11. 

W. STATICS AND DYNAMICS, the Principles and Practice of; 

^tnj'l^tce)'. "uV" fl«"»^'c.E.''l'ounh°Edil'ion. ■./ed.*™*™'"' 
f »73. PHYSICAL GEOLOGY, parUv based on Major-General PORT- 

LOCK's"RudiiaenUofGeo1iIg]'." BykALPHT*TE,A.L.5.,Iic. WoodcaB, 11. 
Ijl74. HISTORICAL GEOLOGY, partly based on Major-General 

PoitTLocK>i"Rii<liidi!Tili." ByRALPBTATi, A.L.S., »c. WoDdcuu. u.U. 
I til RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
' - Hiilorical. Partly baicd on Major-Gfinwal PoiiTU>nt'a "Rudinieiitt a) 

QoDlogT." By Ralph Taib, A.L.S., F.G.S., fte. lo One Volume. 4»-«d-» 
I 183 ANIMAL PHYSICS, Handbook of. By Dt. Lardner, D.C.L,, 

■brmerly Ptolmtar of Natural PhUoiophy and AitrDnamv in Uaivenity 
College, LoBd. With j.o Illuutaiirmi. In One Vol. 71. 6d., cloth boardi. 

initut. PhyskS. Hy Dr. lThpbTr. PartI.,°Chaptirs I.— VII. 41. 
LBiHAL pHviia. ByDi. Lakdhir. Panlt., CbaptenVIII.— XVin. in. 
WiXbg. LIGHT: an Introduction to the Science of Optic-, for the Use of 

".lndenl>of Archilcctura, Engineering, and other Appllod .=cimrr». Hy li. 
Vtrdhah Tark, M.A. u. 6d. {Juil pu&liiktd. 



Adapted to Young 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. GissERt and Emanubl Otto Fao«- 
nnne. Wiih an Appendii on Thb Art or Bhah>luho. is.6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

71. /T^A'O^OAr^, The Art of Playing the. With niimeioua Exer- 

ciiei Ii Leuons from tbe Best Masters. By Charlbs Child SpBNcaii. i<.6d. 

\ t^ll. MUSIC is- THE PIANOFORTE. In one vol. Half bonnd, Sa. 

' iBi. PAINTING POPULARL Y EXPLAINED, including Fresco, 

Oil, Moialc, Water Colour, Water-Glau, Tempera, Eocanstic, Miniature, 
Pai^ating 00 Ivory, Vtllum, Poltery, Enamel, Glaaj. *c. Wilb Hiilorical 
Sketcbei of the FrogreEa of Ibe Art by Thomas John Gullick, auiitod br 
JOH«T«Ba, F,5.A. Fiflli Edition, rovi«d and enlarged. J.-l 

I, A GRAMMAR OF COLOURING, applied tc Decorabve 

oiTiiid" Dra^m.,~sc. ~l%.t™'' ^ 
146. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
' PICTURE AMATEURS r iacloding Method, of Painting. Cleaning, Re- 
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WKALKS RUUlMKMAkV SKKIHS. 

INDUSTRIAL AND USEFUL ARTS. 
.. BRICKS AND TILES, Rudimenlaty Treatise on the Mannfiu^ 

tareof. BvE. Doobom, H.B-I.B,A. Uluitriled,]..! 
. CLOCKS, WATCHES, AND BELLS, a Rudiraentaiy TreBtlso 
on. BySirEnKUHDB>ci»TT.LL.D..Q.C. Seventh EilhioD.ravitedir' — 

: c'o!^2^UC7TSP OF DOO^ LOCKS. Compiled from the 
Piprn of A. C. HoHns, and Edited by Chaki.is Tohliksoh. F.R^. u. 6d. 
I. TIfE BRASS FOUNDER'S MANUAL; InsCractioiiB for 



Modell 



fllfV. 



Mou' 



, THb'TrT OF L^TTER^FAiNTuJc HADE EASY. 

. THE GOLDSMIIHS HANDBOOK. conlaininK fufl In 
tioni for tha Alloymf and Working- of Gold, By Gbohqs E. Gsa. n 
. THE SILVERSMITirS HANDBOOK, conl 






'nOni 



igofSilmr. BvGnoRGaB. Or. jij 



■ Hah 



I. THE HALLMARKING OF JEWELLERY PRACTICALLY 

CONSIDERED. By GlORO* E. G»«. ji.t 
\. COACH BUILDING, A PraelicBl Treatise, Hislorieal and 

DmrHpliYC. PtT.W. KuRaBis. 31. 6d.l 
;. PRACTICAL ORGAN BUILDING. By W. E. DiCKSOM, 

M.A,,Frcu'BnlDrDfElyCat'>Bdral. Illustrslird. gi, 6d.t 

I. THE ART OF BOOT AND SHOEMAKING. ByJoBN 



I. WOOD iJ^^^^VyA^c" A't^ctiMrand'Easy'lBWdBctionl 
thoSludyof tboArl. Dy W. N. Dhowx. ». 6d. 

MISCELLANEOUS VOLUMES. 
1. A DICTIONARY OF TERMS uied in ARCHITEC7URB, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY. tht FINE ARTS. l^. By John Wmlh. Fifth Edition. "—-' 
by RoBiiiiT Hunt. F.K.S. Illmlratcd. ji. limp ; (a. cinlh beardi. 

I. THE LAW OF CONTRACTS FOR WORKS AND SBR. 
VICES. By DAvm GmBONS. Third Edition, onlargrd. ji.t 

I. MANUAL OF DOMESTIC MEDICINE. By R. GooDiNO, 

B^« M.D, A Family Guide in all CaiM of Accident and BmeniBncy — 

'. MANAGEMENT OF HEALTH. A Manual ol Home 

Pennnal HyRirne. By the ReT. Jabbs B*i»d, R.A. h. 

), LOGIC, pure and Applied. By S. H. Euhens. is. 6d. 

\. SELECTIONS FROM LOCKE'S ESSAYS ON THS 

HUMAN UNDERSTANDING. WilUNom" - - - 
I. GENERAL HINTS TO EMIGRANTS. 
. THE EMIGRANT'S GUIDE TO NATAL. By ROBBKT 



J*" 



<Mai. 



, F.R.A 



i Editi< 



Map 



,. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W, Knqllys, F.R.G.S. With i6j Woodtnti. ji.t 
. THE HOUSE MANAGER: Being a Guide to Housekeepinj. 

Praclicsl Cooktiy, Pickling and PnHMtving, Hou.ehold Wort, Dalij 

Manafunent, &c. By Ah Old HoiTsiKBBFis. i>.«d.I 
., HOUSE BOOK (Tiu). Comprising :— I. The House Mahaoik. 
& ByanOLDHacsiKBipiii. II. Dohbstic Ubdicihi. By R. Goonina, UJl. 
,• in.MAHAoiHBNTOFHULTH. ByJ.BAliiii. In One Vol., ha1f-boiiBd,Gt. 
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wealb's educational I 
EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 
I. England, Outlines ol the History of; mate especially with 

nliiiince [D tha Oriein and Pragreu of tbe Enelisb Cunilitution. By 
WiLUAU DouoLAs HAHUtuH, F.S.A., of Het Majuty'i Public Kecord . 
Office. 4UiEdJliDP, reviled. ;>. ; clolli boudi, 6i. 
5, Greece, Outlines oT the History of; in conneclion with the 

Rin cf tbe Aru and CiviluaUnn in GuTDpe. By W. DoitDLU HAUILTOn, 
of Uniwnily CDllcge, LoDdoD. ud Edward Lbviin, MA., of BiUiof 
College, Oiloid. ti. 6d. ; clolb boarill, ]i. 6d. 

7- Rome, Outlines of the History of: irorn the Earliest Period 
to the Cbiijti^ Enk and tbe Coianeacrmeat of tbe Decline of [be Empire. 
By Edward Lbvibn, o< Halliol CoUEge, Oiford. Map, u. fid. ; c1. bdi.ji.6d. 
9. Chronology of History, Art, LItefature, and Progress, 
from tbe Creation of the World to the Pceseot Tlmg. Tbe CauEinuatioD by 
W. D. HAMir.TON. F.S.A. ji. ; clolb boards, 31. 6d. 
50. Bates and Events In English History, for the use of 

Candidates in Publicand Private EiammaUoni. By tbe Rev. E, RXHD. 11. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 



48. Composition and Punctuation, familiuly Explained for 

those wbo bave DeKlected Ihn Study of Grammar. By Justin Brihah 
iStbEditioD. i>.&d. 

49. Derivative Spelling-Book.! Giving the Origin of Every Word 

from tbe Greek. Latin, Saion, German, Teutonic, Dulcb, French, Spasilb, 
By J°K0Hfl0iaAMfF.'K'!A.S. lrap?o^TEdi£oD^ I's.ed. "anc^a on. 

SI. The Art of Extempore Speaking : Hinls for the Pulpit, the 
Senate, and tbe Bar. By M. Bautaih, Vicar-General and Ptofessnt at the 
Sorbonne. TraaslatedfromtbeFiencb. StbEdition.carefullycocrected. u.ed. 

54- Analytical Chemistry, Qualitative and Quantitative, a Course 



THE SCHOOL MANAGERS' SERIES OF READING 
BOOKS, 

SdltsdbylheRev.A.R.GUHT, Rector of Hitcham, and Honorary Caoon of El; : 
""ibtkoductoiiy'primbs, id. 

J. rf. I I. A 

Sac" B ^"T*"* '. '. DID Fu-iu™ ^ „ . '. '. '. \ I 

TUIID . . I O I SUTH 16 

Lissom FSou Tio BlBUt. Fartt. Old Testament, u. 

Part U. New Teltanenf, to whii" 

1^ Children. Hy Kev. 



wiALB'B i^mcAmrmht and cijissical seriks. 



35. Fraoch-EngUsh Dictionary. Comprising a large number 



Englir'i-French Dictionary. BjAlfked Elwbs. 
" •- -- obove}. Com ' " - '- -■ ■ 

itb tha GxA 



15, j6. French Dictionary (as above). Compli 

dofh bnar.li, jj. 6d. '.• Or wilb the Gsahmah, cId 

47. French and English Phrase Book 

duclory Lksdo., mlh Translaliom. teveraJ " •■ 

iBclisD of tuitable Pbraiei. and Easy Familii 

GERMAN. 

39, German Grammar, Adapted for English Students, fi 

Hoysa'l Theoretical and Praclical Grammar, by Dr. G. L. SlRAUKl. 11 

40. German Reader: A Series ofEilractSiCarefuUyculled from 

mnit annrovcd Autlmrf of Gf rmanv ; wilb Nolei, Fhilolonc^d and 
■. By G. L. Stradss. Ph.lJ. i>. 
» Triglot Dictionary. By N. E. S. A. Hamiltom. 

ID inriw Faiti, Part I. Gsman-Frencb-Englisb. Part II. Enelirii-Qi 
man-FrCDCh. Part III. French -German -Enelisb. ja., or clolb Soardl, ^ 

41-43 German Triglot Dictionary [as above), together with Genni 
& 39. Grawmar |Kq. j g). 'n On= Vnluine. cloth board;, s '. 



3.cS-S 



iB. Ital 



HyALr 



s. Gd. 



I 



noted dl 

30, Italian Triglot Dictionary. By A. EtwKS. Vol, i. 

31. Itatlan Triglot ' Dictionary. By Alfred Elwbs. Vol. 3. 
18,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d, 

SPANISH AND PORTUGUESE, 

14. Spanish Grammar, in a Simple and Practical Fonn. With, 

aCox™ofE.ercisc>. By AlFBBD Elwhs. .s.6d. 

15. Spanish- English and English- Spanish Dictionary, 

rnc1udinEalarg"nurab«l>fTec!.nicalT«msi.scdinMinidr.El.6rin«iinB,H!. 

with the proper Accent! and the Gq ' ' "" " '— " " 

4). : cloth board., SI. V Or will 

55, Portuguese Grammar, ii 

56. Portugtiese-English" and" English-Portuguese Dlo- 

^ ,i ° T„^i...i;.,.- "i..-™.. h.imh^r aF Technical T"""* "««^ ™ Mining 

aad the 



with the Gr* 



.ed, 5J. 



cloth b< 



HEBREW, 
46", Hebre'w Grammar, By Dr. BREssLAtr. is. 6d. 
M- Hebrew and English Dictionary, Biblical and Rabbinicali 

containing the Hebrew and Chaldee RooU of the Old Testament »—* 
Rahbinicil Writing!, ^y Dr. RaBSSLAU. 6>. 

46. English and Hebrew Dictionary, By Dr. Bressiau. ^ 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 



WRAirS KDtTCATIONAl. AWD CLASSICAL SERIES. I5 

LATIN. 
19, Latin Grammar. Contnining the InflecHons and ElemenUry 
PricdplMofTrai.j|«ionandCc.Mrni«ioii. UylhoRo. TH0MA5 GoDDwm. 
M.A., Mead Hastor of Iho Greenwich Proprietaij School, u, 6;i. 

K). Latin-Engliah Dictionary. By the Rev. Thohas Goodwin, 

«». English-Latin Dictionary; together with an Appendix of 
French and Ilalian Words which havs their oHgin from the Latm. Br the 
Rev.THO»A=Goor,w™, M.A. ». 6d. '^ ' 

i.ai. Latin Dictionary (as above). Complete in One VoL, 3s. 6d. 

clpth hoard?, 4.. 6d. •.* Or with tho Gr*1ihab, clolh boardi, 51. fid. 

LATIN CLASSICS. With Explanaloty Notes in EngUsli. 
I. Latin Delectus. Contnining Extracts from Classical Authon, 

irilfaGcDealogicalTacabidaHeiandBiplanatoiyNotei.byH.YouHa. u.M: 

1. Ceesaris CommeDtarii de Bello Gallico. Notes, and a Geograpliical 
Regiitor for tho Um of Schnolj, by H. Youko. it. 

3. Cornelius Nepos. With Notes, By H. Youno. is. 

4. Virgilll Maroais Bucolica et Georgica, With Notes on tiie Boco- 

lic^r W. RusHTON, UA., and on the Geoigics by H. VouNO. II. 6d, 

5. VlfgtUl Maronis ,^neis. With Notes, Critical and Explanatory, 

by U. YouHO. New Edition, revised and Eotproved With copioui Adili- 
tfonaiNotubyRey. T. H. L.LBARV,D.C.I~,IonnBrIyScholarofBraieiioia 
Collogfl. Oifoid. IS. 
S; Parti. Hook. I.— yi., II. fid. 

6. Horace; Odes, Epode, and Carmen Bxculare. Notes by U. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Browm- 

RiGO Skith, M.A., F.K.G.S. a. 6d. 

8. Sallustii Crispi Catalina el Bellum Tugurlliinum. Notes, Critical 

anil E.planatory, by W. M. Dosmb, BJ\., Trin. Coll., Cam. i.. fid. 

9. TerentH Asdria et Heautontimonimenos. With Notes, Critica] 

and Eiplanalorr, by tiiB Ret. James Daviks, M.A. i>. 6d. 

10. Terentii Adelpht, Hecyra, Phonnio. Edited, with Notes, Critical 

and Eiplanatory, by the Rev. James Daviss, M.A. a. 

11. TerentU Eonuchns, Comcedia. Notes, by Rev. J. Daviks, M.A. 



13. Ciceronis Orationes in Catilinam, Venem, el pro Archia, 

With Introduclion. Analysis, and Notes, E.planatory and Critical, by Rev, 
T. H. L. Lb*b», D.C.I.. formerly Scholar of Ilraamose College, Oifoid. 
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